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SUMMARY 


This pi'ogram report covers the woi-k performed under NASA contract NAS3-1775G, 
"Thermal Performance of a Customized Multilayer Insulation (^ELI). " The major 
objective of the total program was to design, fabricate, and experimentally evaluate 
the thermal pcrfomiajicc of a selected, customized MLI system. N/\SA/LeRC provided 
the basic desigi\ of tlic MLI configuration to be tested, the 1. 52 m (60 in) test tank to be 
insulated, and the 2,44 m (96 in) ciyoshi-oud for simulating a deep space environment. 

The total pi’ogram objoctiv. s accomplished were: 

• Design and Fabrication of Test Tank Modifications 

• Design and Fabrication of Test Tank Support System 

• Design and Fabric.ation of the Thermal Payload Simulator 
o Modification of the Ci’yoshroud Assembly 



Design and Fabrication of the Thermal Payload SimuLitor Multilayer 
Insulation 


• Design and Fabrication of the Tank Mounted hhiltllayer Insulation 


• Design and Fabrication of Test Equipment, Test Facilities and Instrumentation 


• Thermal Performance Testing and Evaluation of the "Taric Installed" and 
"Customized" Multilayer Insulation System 

DESIGN OF TEST TANK MODIFICATIONS AND TANK SUPTORT SYSTEM 

Modification drawings were established for 

1. Replacement of the existing tank manhole access door/neck 
witli a flush door design. 

2. Removal of the outlet flange and replacing it with a contoured, outlet 
cap design. 

3. Rcmovid of the existing conical support ring assemiily at its mechanical 
joint. 
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The new access door, 0.56G m (22.3 in) In diameter, is a 0.038 m (1.5 in) thick 

circular, flat pl.atc of GOtil-TO aluminum alloy material. The design provides openings 

through the door for a fill and drain line/vent line and electrical pass throughs. Double 

Conoscals were used to further reduce anticipated leakage. An outlet cap 

0.215 m ,8.43 in) diameter was formed to a spherical radius of 0.762 m 

(30. 0 in' fi'om a 0. 008 m (0. 32 in)thick 6061 aluminum alloy plate. The existing 

conical support ring at tlie tank equator was removed. 

The new tank support system is a three point system, designed to suspend the tank 
inside the crj’oshroud. It consists of three lugs at the tan)< door ring, three 
adjustable turnbuc'ides and three attachment fittings located at the LH 2 guard tank. 

A structural analysis was performed to verier the capability of the basic test tank and 
the modifications performed by GD/C to support the required test loads. The 
investigation included a combined membrane and discontinuity stress analysis of the 
tank wall near the door and the tank support. Conservative methods used showed a 
positive margin of safety. 

F.ABRICATION OF TEST TANK MODIFICATIONS AND TANK SUPPORT SYSTEM 
The tank modifications included: 

1. Preparation of the tank for welding the new large manhole access door ring 
and tank outlet cap. 

2. Machining of the door, door ring, tank outlet cap and tank support lugs. 

3. Welding of the tank outlet cap. 

4. Welding of the manJiole access door ring. 

5. Welding of the tanl: support lugs onto the tank. 

6. Removal of the existing conical support. 

The Lnspc'ction methods included dye penetrant and radiography. Unforeseen severe 
distortioiLS were encountered in cutting out the original manhole access door ring. 

The distortion problems were directly attributed to the initial fabrication of the 
1.52 m (GO in) tank b}' its original manufacturer. The original welding resulted in 
excessive defects causing resident distortions in the tank. A combination of mechani- 
cal and machining techniques was used to reduce mismatch and distortion to a 
satisfactory level. In :ui effort to define conditions in the original weld zones, x-rays 
were taken in various areas untouched by the modification of the tank. The x-rays 
showtd the presence of tungsten iiiclusions, porosities, weld folds, foreign material 
and cracks. Repair woi'k was considered outside the scope of the program.. 
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The test lanli was proof pressure tested at 27(5.0 kN/ .i'^ (■10 psip). A final leak test 
was conducted utilizing helium gas and a Veeco leak detector, Model MS17. The 
lealiage measured at a pressure differential of loS.O kN/m“ (20 psid), was 2.0 x 10” ' 
scc/sec. This amount of gas leakage was less than the allowaJjle leakage of 1 x 10”^’ 
scc/sec. 

THERMAL PAYLOAD SLMULATOR (T1>S) 

The thermal payload simulator was designed and fabricated to provide a constant 
temperature surface in Hie range of 20.5 to 417K (37 to 750H) for (he insulated tank 
to view, ft consist.; of a 1.83 m (72 in) diameter 0.0095 m (0.375 in) thick, highly 
[Xilished aluminum disc. An emissivity of 0.03 was measured utilizing the Lion 
cmissometcr Model 25 B-7. The thermal payload simulator is cooled by liquid 
hydrogen flowing through eircumferentiai , aluminum coils. The TPS heaters wore 
designed for an operating range of 0.01 to 55 watts. Due to the radially nonuniform 
heat load on the TPS, individual healers were niountc>d in the inner, mid and outer 
zone. 

CRYO'^'IROUD ASSEMBLY .MODIFICATION 

The NaS.A/LcRC furnished cr^'oshroud, 2.44 m (9G.0 in) in diameter, was modified 
to establish a low temperature black ixidy cavity while limiting liquid hydrogen 
usage to a minimum feasible rate. The modification of the cryoshroud was 
performed in these steps; 

1. Cryoshroud shell modifications 

2. Cryoshroud thermal andj'sis 

3. Cryoshroud baffle design and fabrication 

4. Thermal paj'Ioarl simulator and baffle lositioning mechanism design and 
fabrication 

5. Guard tank design and faJjrication 

6. Assembly of the crjoshroud comiwnents 

The cryoshroud shell modification consisted of reworking the top cover to accommod.ate 
the guard tanli, removal of the c.xisting baffles and preparing tlie bottom cover for the 
b;ifflc ixisitioning mechanism. An analysis was pei-formed to determine the number 
and loc.ationof the liquid hydrogen cooled baffles required to intercc])t the thermal 
radiation within the cryoshroud. The ajialysis revealed that three b:iines are 
required, one fixed baffle located at the test lanl\ equator, one baffle in the same plane 
as the thermal payload simulator and one baffle between the thermal payload simulator 
and fLxed Ijiiffle. The baffle stiaicture is a sandwich consisting of a flat plate with 
coolijig coils Welded to its upper suiface as the main structural element and honeycomb 
l)ondccl to one or lx>lh of the surfaces. The lower two brifflos and the thermal payload 
simulator arc designed to move together. The bottom baffle remains in the same 
plane with the payload simulator as It is positioned by the jack screw mechanism. 
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All lines goinj^ to the test tank pass through the O.GIO in (24 in) diameter liquid 
hydrogen guard l;mk as sliown in Figure S-1 in order to prevent 011117 of extraneous 
heat to the test tank. All instrumentation lines into the lest tank are passed through 
the vent line. 

Before installing the test tjuik all interior surfaces including cryoshroud, baffles, and 
attachment hardware in view of the test package were painted with 3M "Nextel" Black 
Velvet paint to achieve the highest emissivlty possible. Where welding was not 
possible for tubing joints, single Conoscals were utilized for stainless steel joints 
while double Conoseals were applied for bi-metal joints. 


DESIGN AND FABRICATION OF THE THERMAL PAYLOAD SIMULATOR (TPS) 
MULTILAYER INSULATION 

The goal of this task was to design and fabricate the multilayer insulation (MLl) for the 
thermal payload simulator. The ajjplication of this insulation is shown in figure S-b. 
The multilayer insulation system is comix)sed of three blankets each consisting of 18 
double aluminized Mylar radiation shields (DAM) and 19 double sdk net spacers. 

Both sides of each blanket are prot</;ted by a cover shield which is a laminate of 
Mylar and aluminum foil, bonded together. The aluminum provides high lateral 
conductivity. The radiation shields and spacers of each blaxikct are interconnected 
by nylon button pin studs to control the blanket thickness to 0.008 m (0. 3l2 in). 

Velcro hook and pile type fasteners are used to attach adjacent blanltets together as 
well as attaching the initial blanket to the TPS surface. An aimulus zone on the 
blanket facing the test tank is painted with alow gloss, low outgassing, black velvet 
paint to increase the emissivlty of th» area. The manufacturuig aids required for 
fabricating the thermal payload simulator blankets consisted of a wooden frame to 
stretch-form the silk net spacer material and a MLI manufacturing aid to lay up the 
cover sliLelds, the radi.ation shields and spacers. 

DE.S1GN AND FABRICATION OF THE TANK MOUNTED MULTILAYER INSULATION 

The lanJ-i mounted MLI consists of an inner and outer blanket lay up. The material, 
number of layers, and construction of these blankets was .similar to the design 
of the Tl’S blankets. The primary differences from the TJ’S system are the require- 
ments for forming all eomixjnents fit the spherical tank. The inner blanket layup 
consists of six 1.047 rad (GO deg) gore sections and one 0.406 m (16 in) diameter 
circular blanket, located at the tank [X)le, viewing the TPS (Figure S-1). The gore 
sections are assemblies running continuously from the access tank door to the 
circular blanl'cet. Butt joiiUs are used between the gore and circular sections. The 
outer blanket lay up is the same as that outlined for the inner blai:iket except for the 
addition of cover shield strips applied over the butt joints between the gore sections 
and between the gore sections and the circular blankets. The butt joints ai’e 
staggered relative to the imier blanket sections. The girth area of the outer blanket 
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Note: All fill and vent lines are insulated with 10 layers of MLI. 



Fi'^xire S-1. Schematic of Test Article and Ciyoshi’oud Assembly 
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is coaled witli Black Velvet paint. The outer aixl inner bl;uil< els are altaclied lo each 
other and to the tiuik by Velcro fasteners. The fabrication of the MLl system for the 
tanlv mounted insulation required the manufacturing of a fiberglass Lnner and oater 
blanket laiaip aid for the goi'f! and circular sections. The cover shields for the gore 
sections were nuuuifaclured utilizing a vacuuni forming tooling aid. The silk net 
spacer material for each blanket was stretch- formed using the appropriate layup aid. 

The blanket lay up .and asscmbl 3 ' operation consisted of joining the pref.ab ideated 
comixjnents into the required multilayer lay up of cover shields, radiation shields and 
silk net spacers. A female covei' [date of the lay up mamfacturing aid was used as 
both a hole template and in combination with the male base plate as a guide for 
trimming the blanltet peripherj'. The button pin assemblies svere then installed. All 
blaiikets were outgassed in a vacuum chamber at a temperature of SitOiC (GlOK) 
before installation to the tanJt. 

TEST FACILITIES 

All systems tests were conducted at the Convair Liquid Hydrogen Test Center Site 
"B" thermal vacuum facility. The major components of the test facility are the 
test chamber, the test tank pi us.sure control system, the guard tank pressure control 
sysicm, the fluid. system and the test tank heater. The lest chamlier was a 3.66m 
(l4d in) water jacketed v.acuum chamber and was serviced bv :i 0.813 m (32 in) oil 
diffusion pump, a LN 2 cold trap, and backed b}’ two 14.2m^/min (5 00 ffVmin). 
Kinney nice h ante al \ accuni |iumps. Controls for these pumi>s. along with all fluid 
.system controls and the data acquisition ecjuipment, were located in a blockhouse. 

A Vi.iS Baratron pressure control ystem was used during testing to control the 
ullage pressure in the liquid hydrogen test tank. The system maintained the test 
t.ank pressure within ^ 1.38 N/m.2 (0.0002 psi) of the set point. 

A NDS Barostat device was utilized to control the pressure of the guard timk during 
■he null test. The guard tanli boiloff was found to vary from a high of greater than 
0. 0047 m‘'/sec (10 scfm) immediately after filling to a low of less than 0. 0002^ 
m^/s^'c (0.5 scfm) after the temperature had stabilized (approx. 12 hours). This 
resulted in the need for coastant adjustments of the Barostat control weights Lo 
inaintain the laxiuired narrow guard tank pre.ssure ijand. Before the start of the 
customized MLl tests, the Bai'ostat was replaced with a pressure transdueer/closcid 
loop controller/fiow control valve system. 

The fluid system was designed to achieve minimum hydrogen usage. The system 

connected the test tank, guard tank, cry'oshroud aiid baffles. Welding and silver 

brazing were used as the priixiipal means of joini.ig pails of the system. .411 the 

aluminum *0 stainless ste*;l ti'ansitions were made using double seal Conoseal flanges 

-'S i 

with the interseal cavity vacuum pumped to less than 1.0 10 ' m (10 p). 5.7 m' 

(1500 gal) LH.; supply tank was maintained at an approximate pressure of 41.4 kN/m"^ 
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(G psig) all the time hy a pneumatic pressure controller and vent valve. WTien 
empty, the su|jply tank was filled with liquid hydrogen through the LH 2 make-up 
valve from the 49.2 m^ (13,000 gat) site LII 2 storage tanl. or from the 3. 78 m^ 

(1000 gal) catch tank through the LI 12 recovci'j' valve. The catch tanlv was vented 
to the atmospliere while acting as a liquid vapor separator for the cr 3 'oshroud, bai'fles 
and TPS vents. WTien full, it was isolated from the cryoshroud, bafPes and TPS 
vents, pressurized tc approximately 172.5 kN/m'^ (25 psig), and drained into the 
supply tank. In normal operation the system was able to run for a minimum of 15 
hours before the supply tank needed to be filled or for 5 hours before the catch tank 
needed to be emptied. Transfer from the catch to supply tank took less than 15 
minutes. Flow through the cryoshroud, baffle, and the TPS (when required) was 
continuous imd was "recovered" about 95% of the time. 

An electric heater installed in the test t" nk was used to supply a known heat input 
to the test tank during the null test. The heater was designed to provide a maximum 
heat flow of one watt into ihe tank. 

TEST INSTPUMENTATfON 

I list ni mentation selection for the full sca’e test specimen was based upon measurement 
of the independent and dependent variable!, required for demonstrations of system 
overall thennal performance, system efficiency, and system component operation. 
Independent variables included hydrogen liquid level, chamber pressure and ullage 
pressure, Oeiiendent variables included temperature distribution, MLI thermal 
gradients and LH 2 boiloff rate. The instrumentation tree platinum resistors within 
the tank iiennitted LH 2 level measurement. Chromel/Conslantan thermocouples 
were used for all other temperature measurementi Chamber and shroud pressure 
.measurements were made with hot filament ion gages (Buyard-Alpert) in their 
respective ranges. Eiquid hydrogen boiloff flow rates were Measured with TSI 
hot-film anemometers and a water displacement apparatus. Pressures other than the 
test tank pressure were measured with Statham strain gage transducers. 

TESTING 

'I he test program included three major test categories, 1) null testing, 2) thermal 
testing of the tank installed MLI system and 3), thermal testing of the customized 
MLI configuration. The objective of the null testing was to verify satisfactorj' 

0 |K’ ration of a’.l components and to determine extraneous heat flows into the test tank. 
Tlie thermal payload simulator surface temperature w.as maintained below '27. 8K 
(.5011). The objective of the tank installe<l MLI test was to determine the thermal 
performance of the tank insulation at a TPS temperature of 2S0K (520R). The 
thermal payload simulator was uninsulated during the preliminary null testing and 
tlie tank installed MLI testing. The objective of the custoinized MLI test was to 
determine the thermal pei'formanee of the tank insulation at a TPS temperature of 
2R9K (520R),withtlistances between test tank ajid thermal pai'loiul simulator ot 0.45i m 
(IS in), 0.30.5 m (12 in) and 0.152 m (6 in). During this test the thermal payload 
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simulator was insulated. DurlriK all le.sting the cryoshroud incliidiuK halilcs were 
inaLntamod below 27. 8K (50 R) to. simulate outer space ;it a vacuiim pressure of less 
than l.il.lG x 10“'^N/m^ (1x10“® torr). The criteria for thermal aiuillbrium was the 
achievement o.f a LII2 boiloff rate which changes not more tlian 0.5% ])cr hour and 
a temperature variation of three selected test tank MLI thermocouple readings of jiot 
more, tlian ± 0.56K (IR) in 10 hours. The test ai.'ticle was designed for a maximum 
extraneous heat flow of 0.0203 watt (0.1 BtuAr) into the test tank when the intenial 
he;iter element was turned off. 

A summary of the test rc.sults is shown in table S-1. 

IJULL TESTING 

Four null tests were conducted 
utQLzing zero, 0.2 watts (0.683 BTU/ 
hr), 0.4 watts (1.3652 BTU /hr) and 
0.2 watts 0.683 BTU /hr) power input 
to the internal t:uik heater. The 
table S-1 iiulicates that the measured 
heat flow rate 01 the zero power irqjut 
test was 2.3 times higher than the 
estimated he ;it flow r-ate. It is aaiticipated 
that the MLI outgassing was )iot 
completed and that the presence of 
thcnnal acoustic oscillations within 
fill and vent line pioduced additiorad 
heat leakage into tlie test tank. The 

boQoff rates of null test. No. 2 atM 
• Rent now Thrcxjgh .^aI jvjo. 3 wcre below tne predicted rates. 

This indicates that a portion of the energy created by the intemal test tank heater was 
stored within the bulk of the LII2 fluid. Null Test No. 1, which was a rcix;tition of Null 
Test No. 2 resulted in a heat flow rate which was only 4% over tlie preilicted rate. 

TANK INSTALLED MLI 

This test was conducted immediately after the null test progi'am without incre.aslng 
the vacuum chamlior pressure or refilling of the test lanli with LII9. The thermal 
paylo.ad heater was tunied on ai 220 hours :d:ter 0-time (beginning of first null test). 

The required TPS temperature of 289K (520R) was achieved after 18 hours. The 
test continued for 134 hours at which time the Lib Ix)iloff rate was dropping at the 
rate of 0. 15% per hour. The decision was made to terminate the test due to the 
projection th;it several days o .■ w'ceks w'ould be rt-rjuired to achieve a true thermal 
eciuilil)rium condition. It wms concluded that the insulation wris stUi outgassing. 

The fimd 28 hours of testing resulted in an avoixige heat flow r:ile through the MLI of 
1.204 w'.atts (4. 110 BTU/hr), not including tlie extraneous heat flow of 0. 0293 watts 
(0. 1 BTU/hr) ruul jxiwer input to the internal heater of 0.2 watts (0.683 BTU/hr). 


TaJjle S-1. Summaiy of Test Results 



Hont Flow 

Test No. 

E.rpenment.-U 

Pr*»d!cted 


\Vatts(Bti/hr) 

V/atts (Btu/hr) 

Null Test No 1 

0.069 (0.232V) 

0.0203 (0 1000) 

NiUl Test No 2 

0.187 (0.63S7) 

0.2293 (0.7926) 

NuU Test No 3 

0.367 (1.252-1) 

0.4233 (1.4652) 

Null Tost No 4 

0.230 (O.SlTOi 

0.2293 .0-79201 

Tajik In-stallofi MLI' 

1.204 (4.1100) 

0.3519 (1.201) 

Customized MLI 



loitioi N'uU Tost 

0.350 (1.1950) 

0. 2303 ( 0 . 7S26) 

‘niermal Test No 1* 

0.059 (0.2013) 

o.o; ;4 ( 0 0390) 

Thermal Test No 2* 

0.063 (0.2107) 

- 

Thermal Test No 3* 

0.065 (0.2224) 

- 

Final Null Tost 

0.409 (1.394-1) 

0.2293 (0.7328) 
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The heat flow laite was estimated to be 0.3519 w:itts (1.201 BTU/hi') not inchidbig 
(lie e.xiraneous lioat How, heat leiikage through insulation attachments and heat leak.s 
ciUKSod hy thei’imil acoustic oscillations and MLI outgassing. 

CUSTOMIZED MLI TIIER^LAI. PERFORMANCE TEST 

Prior to this test Ihree iircfaijiieated f.ILI blankets wore iulded to t!ie TPS. The test 
included two mill tests, one at the begiiming anti one at the end of the test oixjration 
and three customized MLI thermal peiform.'urce tests. The power input to the internal 
test tanlv ht.ate” was maintained at a level of 0.2 watts (0.GS3 BTU/hr). The total 
lest time v/as 715 hours. P '.ring tlie initial and final null te.st the TP . surface 
lemixjr.aturc was maintaii d below 27. 8 K (50R). The initial null test was conducted 
for 91 hours. At tliis tim^ Jie boUoff late was dmpping at tlie rate of 0.2% per 
hour, mainly due to the MLI outgassing. The decision was made to terminate the 
te.st before a tme thermal ecp,iilibrium condition was aeliiex'cd. The total average 
heat flow rate achieved within the cfiuQib •aim criteria including jxiwer input - nd extrmieous 
heat How duruig the final IG hours was 0. ’50 watts (1. 1950 BTU/hr). The priMicted 
heat now (table S-1) was 0.2293 watts (0. 7826 BTUAr). 

During the final null test the test conditions were the same as those of the Initial 
null test c.xcept that the spacing between the test tanlc and thermal payloarl simulator 
was elnuiged from 0.'lo7 m (IS in) to 0.152 m (6 in). Tlie average heat flow rate 
including iwwer input (Utd extraneous heat How was 0.409 watts (1.3944 BTU/hr). 

'I'his te.st was comlucted for a total period of llC hours. The deviation of the initial :md 
and final null te.st fjxmi the estimated heat Rov.’ rcTcs is mainly due to the Incomplete 
thenmd equilibi’ium condition, incomplete outgassing of t!ie MLI and the presence 
of thermal acoustic oscillatioivs through the fill and vent line. These elTeets ai'c 
significant for a cn'ogenie tanlc operating in an e.xtrcmely low temperanrre environn'icnl, 
I'e-sulting in veil' low lioilotl rates. 

The re.sults of the thermal peiformance of the insulation not iix-luding heater power 
inyxit and extrruicous he.at flov.' for the customized MLI test No. ], 2 and 3 with TPS- 
Icst ta..'c .sjiacings of 0.457 m (18 in), 0.305 m (12 in) and 0. 152 m (C in) are shown 
in talde .S-l. 'flic increase in heat trairsfer thiough the MLI, resulting fro."^ tlic TPS 
|)Osilion clnuige from tlie 0.4.57 m (18 in) jxisition to the 0. 152 m (G ui) )josition was 
a)ipro.ximati;ly 10%. The e.\i)ori mental heat flow through the insulation during the 
customized MLI test No. 1 was appro.ximately five times (he estimated heat flow. 

However, no consideration was given to incomplete equililn’ium coivlitions or heatlc:iks 

through MIjI attachments :uul heal leaks ciaised by .MLI outgassiirg or tliermal acoustic 

oscillations of tlie hydi’ogen gas within the fill and vent line. It is Mso noted 

that the c.xiierii-.iental heat flow through the tmil-; ii'iStallet! ?.1LI at the 0. 457 m 

(18 in) TPS-test tanit siiacing with iX3 MLI bl.-uilmts on the tliermal payload simulator 

V as a))pro.ximately 20 times higher than the hc:it flow rate obtained for the customized 

.\ILi 'turlng lest No. 1. 
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IXn lnK Iho lot;U test operntion of 1091 hours Uie faelHty pei-formed exceptlomlly 
well, Ko lc:ik:iKe w:is ex])oi ience<! within the chamber In S)ntc of the existeiK-e of 
140 m (4G0 ft) of LH2 tubing Including 9 nv (30 ft) of welds, 100 welded butt joints 
and 11 conoscids. 


xxxil 



1 




INTHODUCriON 


The effective .storafje of li((uid liydrojjt'n in sjvice can be accomplisiietl by using liigh 
perfoniianc-e muULlayer insulation. Meat-transfer chanicteristie.s of these insulations 
|irotecle<l by a .shroed and oix;i'ati»tg betivccn .'unbient and lifiuid hytirogen temperatures 
have been invesUg:ited in numeix)us experiments by N.»\SA aiul inde;x‘ndent contractors. 
The residts of a study coixUicted l)y N'ASA/LcHC (Ref. 1-1) assuming a hyiMlhetical 
vehicle witli a com|'.!etely unshrouded lif|uicl hydrogen t;uik sliowed that the thcniml 
peiTormaitce of a conventional constant tliickncss MLI can be significantly imi)ix)vcd by 

1. Using a variiiJilc MLI Uiickncss over the surface of tlie t:mk 

2 . Using several high lateral thermal contluclivity shields 

3. Increasing the MLI sui'faee cinisslvity in certain areas 

The hyi)othctical vehich.' as.sumod ijy NASA was .sun-orirnled, tluis en.suring the 
li({itid hydi-ogen tank to always lx: in tlie shadow of the vehicle payload. The payload 
exchanges heat with the cnogenic tank. In a shroudle.ss vehicle a iMDi-tion of the energy 
c.'ui be rejected directly into sitace. The number of radiation shields for such a 
ciyogcnic tank would be dedermined by 1 ) ground hold ami ascent tlierniM protection 
rccjuireincnts, 2 ) esliniab;d lime of near-planclary operation (;Ubedo effects), 
d) estimated time during mid-course corrections when the vehicle is not sun-orionteii 
;md 4) prevention of localized inoiHjllani freezing. 

Tlu; ixuix)se of tliis contract was to cxix'rimentally investigate Uie thermal ix.'iTor- 
mance of a lieju id hydrogen taitk of :i shroudless vehicle, 'llie tank was insulated with 
a coasLuit thickness multilayer in.sulation system. The temjxTaturo of outer 
space was simulated by using a cxyoshroud which was maintainoil at ixear lic|uid 
hyilrogen temixerature. The heating effects of a jKiyloatl wore simulated by utilizing 
a highly )X)lished, flat disc (jiaylorul simulator) viewing the ciyogenic lank. The tank 
;uk1 cryoshroud were provided by NASA/LcRC. A variation of tlxe lank insulation 
thickni.'ss, liowever, was not .a reciuircment of this contract. 
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nKSIGN or -I'KST TA.VK iMODiriCATIONS 
AND TANK SUPPOHT SVSTKM 

Tlie Uisk consisted of the evaluation jukI the desi}^ of the 1. r)2 m (GO in) lUamctor 
thin walled aluminum tajik wliich was funiished by NASA-1. idtC as the lank to be 
insulated under this program. 'I'hc e.vistinR versus the modified t;mk confif(uralion 
is shown in Fifture 2-1. Tank jtcometry luul weights are presented in Taljle 2-1. 

Table 2-1. T;uik Geomeliy and Weights 

Nominally Spherical 1.52 m (GO in) 

Bulldicatl Centers Offset liv O.O't.'tr* m (l.OOG ini 


Diiuneter 

1 . 520 in 

((■>0 in) 

Volume 

1.900 m^ 

. (i!7 ft‘^) 

Surface .Aixta 

6. 875 m^ 

(74 ft2) 

Maximum Thickness (at welds) 

0.0070 m 

(0.31 in) 

Minimum Thickness (shell) 

0.0025 m 

(0. 10 in) 

Total Weight (Approximate) 

108.454 kg 

(2;;8.C lbs) 

Basic Shell 

82.109kg 

(180.64 lbs) 

Bottom Half 

34 . 1 00 kg 

(75.02 lbs) 

Top Half 

■' 1. 009 kg 

(105. G2 lbs) 

Uoor 

2.-5,982 kg 

(52. 7G lbs) 

Lugs 

0.241 kg 

(0. 53 lbs) 

Bolts, Misc. 

2.127 kg 

(l.GS lbs) 
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2. 1 TEST TANK MODIFICATION 

As shown in 2-1, the following tank modifications were required; 

1. Removal of the large manhole access door ring, machining of the flange as 
required and replacement of the previous tank nock/door section with a 
flush door design. 

2. Removal of the outlet flange and welding in a contoured plate (tank outlet 
cap) to obtain a smooth exterior contour. This area of the tank will be 
viewing the thermal payload simulator. 

3. Removal of the conical support ring assembly at its mechanical joint and 
machining off the outstanding support ring flange. 

The design and material requirements are shown in Table 2-2. 


Table 2-2. Tank Design Requirements 


Design Pressure; 241.5 kN/m^ (35.0 psig) Working 

3G2.2 kN/m^ (52.5 psig) Proof 
483.0 kN/m^ (TO.O psig) Burst 


M.aterials 

Shell 

6061T6 

A1 Aly 


Door 

6061T051 

A1 Aly 


Ring 

6061TG51 

A! Aly 


Cap 

G061TG51 

A1 Aly 


Lugs 

G061TG51 

Al Aly 


Struts 

304 

CRES 


2. 1. 1 LARGE MANHOLE ACCESS DOOR. The large manhole access door 
was placed in a plane close to the intercepted contour of the tank surface by 
incorporating a flush door design. The design of the door is shown in Figure 
2-2. The acce.ss door is a 0.03S m (1.5 in) thick circul.ar 0. at pfate, nuichined 
from (iOGl-T<) aluminum alloy plate stock. The diameter of the door i.s O.oGG m 
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(22.30 in ). OpL'iuns^s arc provided throui;h the door for a fill and drain line, vent 
line, aJKl cleeti'ieal pass th'roiighs. The door design uses double Acroquip/.Martnan 
Division Conosf.als. The gi’ooves arc siiilal>le for Conoseal gasiuds No. aTolO-iOOO 
AF, also a product of Aeroquip/Nlarman Division. The dimensions arc patented by 
Acroquip and are not indicated on the drawing. The grooves are desigiu'd for the 
Conoseal, double seal flange No. .'>0102-2008, a product of Aeroquip/.Marman Division. 
Thii-tv-sis bolt holts, 0.0137 m (0.340 in) in diameter are eciiially spaceil at a dimneter 
of 0.r>2f) m (20.0ol in) to l)olt the door to the door ring. Tlie floor is dcsignetl for an 
oix; rating pressure of 211.5 kN/m- (35 psig) with a leakage rate of less tlian ixiO'O 
standaixl cubic centimeters of helium per second. Due to a bi-motal (al and CTtFS) 
condition at the tank to door .seal, where dissimilar metal flanges are connected, 
double conoseals are used to I'cduce the magnitude of anticipated leaks. The bleed 
ports, shown in Figure 2-2, .Section B-B, F/7 arc intended to reduce leakage during 
transient temperature condit;c;i.s. These ports are evacuated witli an aiLxilii.iy 
vacuum system. The evacuation lines, leading to the outside of the vacuum 
chamber can be easily isolated and checked for leakage. The puri)ose of t.he sL\ inserts 
shown in Section A-A of Figure 2-2 is to su|>i)ort internal tank cqui|>ment or instru- 
mentation such as liquid level sensors and internal heater elements. 

The large manhole access door ring is designed to match the eo.nlou': of the 1. 52 m 
(00 in) tank. 'I'iie design is shown in Figure 2-3, All rlimensions are cot>rdina(cd 
with Figure 2-2. The ring has an outside cliamclev of 0.G!d> m (27.525 in) and an 
inside diameter of 0.47 m (IS. 5 m). The thickness is 0.041 m (1.G2 in). 

2. 1.2 T.ANK OUTfJCT C.AP . The e.xisting outlet flange was re)3lac(.*d by the lank outlet 
cap design shown in Figure 2-4. The cap is formed from a O.OOSll in (0.32 m) thick, 
0001 aluminum alloy plate to a spherical radius of 0.7G2 m (30.0 in). The diameter of 
the plate is 0.214 m (S.432 in). 

2.1.3 RE.AIOVAL OF THE TANK SUPPORT HLNG A.SSKMBLV. The e.xisting support 
ring assembly to be removed from the tajik is shown in Figui’c 2-1. TIk; specitie de-. 
tails are given in N.\SA LcRC drawing CF G2055U (not shown in IhLs docaiincnl). The 
ring,0.04G m (l.Sl iii) high, 0. 01005 m (0. 75 in)tliiek is located at the lank equator at 

a diameter of a|jpro.ximateiy l.GO m (G3 in). The modiXLeation reCiuiri.ii a remo\ - 
al of the ring material to appro.ximately 0.0007G m (0.030 la) to tin; tan)-; eqiaitor. This 
ta.sk is shown in Figure 2-5. 

2-2 T.ANK SUPPORT SYSTEM DESIGN 

2.2.1 'I'llREE POINT Sl'PPflBT SYSTEM . Tlie tajik support .sy.sU;m i.s :i iliree 
point system ticsigned to .suspend ilie tanJe inside llie cryo.slii oud. Ihe .sixsteni 
consists of three lugs welded to the test tank door ring, diree :idiusl:ibie .iOl steel 
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struts, .and three attachment flttln^js welded to the main body of the Lli2 guaixl tank. 

This system has a minimum effect on tlic MLI blajiket dcsiim :uul offers jjractic.ally 
no interference during the M LI installation. 

The sujjport lug is shown in Figure 2-Ci. These lugs are welded to the door ring after 
the ring is welded to the tank. The MLI blann^ets c.an be easily slit .and fitted around 
each lug. The width of the lug is 0.05C in (2.2 in) :uul its thicloiess is 0.013 m 
(0. 5 in). 

During the Layout ph.ase, it was noted tluit an auxiliary support was necessaiy in the 
tank support lugs to be used In the ground handling. This bccajnc appar.ant when 
it was noted that the access door would be installed before the cold guaixl tank was 
brought into place. Thus the door ring holes could not be used in support handling and 
a second hole was added. Both holes are equal in size. Figure 2-7 shows the t.ank 
with the welded door ring and lugs. In Figure 2-5, the door is mounted to the modified 
tank. 

The basic stiait is a threaded steel rod with clevises and lock nuts on both ends. 

'rhese struts are in effect turnbucklcs that c:m be adjustctl during l:uik installation. 

The stiaits used in the design are Merrill Brothers, N. Y. , M-IGST O.OIG m x 0.152 
cm (0, 5 in 0 in) turnbucklcs. 'Fhe tank is supported from the door itself during 
insulation installation. During preparation of the tank for installation into the 
cryoshroud, the cryoshroud lid is positioned above the support be.'un ;uid the support 
stiuts attaclied. The support struts arc att.ached directly to the Llh guard tank 
structure, which gu.ards the tank fill and drain, vent :md electrical lines (Figure 2-8). 
Thus, the single talk will act as a guard t.ank for all the test tank pencli-ations and 
supports. 

2.2.2 "A" FRAME HANDLING .AID. During the modification of the talk, the existing 
t.aik support is used until the large m.anhole access iloor and outlet flange modifications 
ai'e accomplished. WTien the large m.anhole access iloor ring has been installed, the 
support of the tank is transferred to the ".A" franc handling aid design presented in 
Figure 2-9. The design consists of a welded steel tube constiuction except for the 
aluminum cross channels which support the tiuik. The usable height of the aid is 
1.87 m (73.5 in). The overall height .aid width is 2.015 m (80.5 in) and 2.29 m 
(90 in), rcspectivelj'. 'I'hc aluniinuin chainels arc ilcsigned to be reinoiab'lc to 
pcmiit the tr.ansfer of the t.aik to the top cover .and guard tank of the crvoshroiul as 
shoua in Figure 2-9. 

2.3 STRUCTURAL ANALYSIS OF THE MODIFIED TANK 

I'hc puiyiosc of the structural an.alysi.s was to verify the caiiabiliti’ of tlu' linsic lost 
tank and the modification performed by Convair to support the roquired test loads. 

The primary concern in the .aialysis of the modified t:uik was the cninldr.i'd meniliraie- 
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Figure 2-3. Tank Support System Schematic 
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;iiul tliscoiULnuilN' stresses in the tank wall near the door, 
tank comixjnents wliich were analyzed. 


Fifriire 2-10 shows tlie new 


2.0. 1 DFSIGN LOADS. The test tank was origi.nally designed for an 0 |ierating 
pressure of 113G..') kN/n;^ (16o ixsL) and a pi'oof pressure of 1725 kN/ni“ (250 psi) 
per NASA Dwg. CFG20559: 

The modified test tank will be filled with I.U 2 at a maximum ojxsrating pressure 
of 241.5 kN/ni“ (35 psig). The luialysis was based on tile following loads ; 

1. Internal Pressure 

O 

Operating == 241.5 kN/m“ (35. 0 psig) 

Proof = 3G3.G kX/m2 (52.3 psig) 

Burst = 4S3.0 kN/m2 (70. 0 psig) 

2. Inertia Loads 



3. 


2.0g longitudinal combined with 
on the tank filled with LH.^. 

Design Weights (Table 2-1) 


5 g lateral aeceleration acting 


LH2 


134 kg (295 lb) 


Tiuik Weight 


109 kg (238.6 lb) 


Actual Weight 


251 kg (533.6 lb) 


Weight Assumed for Analysis 273 kg (600 lb) 

2.3.2 ANALYSIS METHODS . The analysis was an investigation of the combuicd mem- 
br:uie and discontinuity stresses in the t:mk wall near the door. To accurately establish 
stresses in this region, a detailed computerized analysis was rccjuirecl. The actual anal- 
ysis performed on the 1.52 m (60 in) test tank was limited due to the following considerations: 


1. The tank was originally sized for an operating pressure of 1133.5 kN/ni“ (1G5 
psig). The ma.ximum test pressure is 241.5 kN/m“ (35 psig). This pressure 
is less than 1/4 of the original pressure. Thereiore, e.Ktremely conservative 
methods can Idc used to estimate discontinuity sliesses and still show a 
|)ositive margin of safety. 
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0.6G m (2G in) DDV . — 
0.61 m (25 in) DLA. -v-i 


0.567 m (22.3 in) DL\ 



Figure 2-10. Large Manhole Access Door Ring and Lug of 
1. 52 m (60 in) Taaik 


^During fabrication of the lug the hole diameter was increased to 0.0l3 m (0.50 in) 
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2. A tank of similar geometry, the 1.38 m (54.5 in) diameter mellnuic lank 
was analyzed in detail under a NASA Contract NAS3-14105 in 1970. 
Reference 2-1. Results of that analysis were used to predict stresses 
in the 1.52 m (GO in) diameter test timk. 

The test tank analysis Includes: 

a. Door Ring Discontinuity' Analysis 

b. Door & Door Attachment Analysis 

c. Tank Support Aruily.sis 

2.3.3 MATERIAL ALLOWABLES. The entire tank is fabricated from 6061-T6 
Aluminum. The room temperature design mechanic:)! properties for this material 
are: 

Po’^ent Material (".A" values, MIL-HDBK-5A, Reference 2-2) 

Ultimate Strength = 289.8 x 10^ kN/m^ (-12 > ]0'^ psi) 

Yield Strength F ^ = 241. 5 x lO*^ kN/m" (35 x psi) 

X,y 

ULT Shear F = 248. 4 x lO^ kN/m“ (36 x io‘^ psi) 
su 

Modulus of Elasticity E = 69 x lO^' kN/m" (10 x :0^ psi)> 

Welded Joint (Reference 2-3) 

F^u (0.57) (289.8 x lO^) 165.2 - 10'" kN/m^ (21 x 10^ psi) 

Ffy = (0.38) (289.8 x 10^) =- 110.2 x 10^ kN/m^ (IG x 10^ psi) 

Fgu - (0.34) (289.8 x 10^) = 98.5 >•■ 10^ kN/m- (14 x 10^ psi) 

E - G9 > 10® kN/m? (lo. 0 x 10® psi) 

2.3.4 DOOR RING DISCONTINUITY ANALYSIS . The large manhole access door ring 
discontinuity analysis was based on membrane point "A”, Figure 2-10. The eorres- 
jx>nding ix>int for the methane tank is point 55 from the methane tank ana vs is (Ref- 
erence 2-1, Page 18 and 40). The meridianal membrane stress calculated for point 
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55, Hef. 2-1, page 18, was 253.6 x 10^ kN/m^ (36,752 psi). The merldlanal membrane 
stress for the 1. 52 m (60 In) tank becomes 

a ^ 0.75 (253. G X 10^ = 190.2 x 10^ kN/m2 (2756 » psl) 

€ 

where 0.75 Is the r/t ratio for the two tanks and the total stress a, = 197.9 x 10^ kN/m^ 
(2S6GG psl) from reference 2-1, p>*fre 40, includlni; discontinuity stress. The total stress 
ratio is Kiven by 


Ratio - 197.9/190.2 = 1.04 


The discontinuity stress is therefore 4" of the membrane stress for the methane tank. 
Conser\'atively, this stress was doubled. For the 1. 52 m (60 in) test tank 


a t - 1.03 PR/2t 

:■ proof pressure 


r proof pressure 


( 1 . 03) (363. 6) (0. 76) ^ , x 10^ kN/m^ (9450 psi) 

(2) (2.29 X 10-3) 


anti 


(l.03)M83. OtfO.76) -a . , 9 

Cf’ burst " ^ ^ ■■■ kN/m'^ (12G00 psi) 

(2) (2,29 X 10-3) 


where 


P - pressure, kK/m^ (psi) 


R - radius, m (In) 
t - thickness, m (in) 
J'he margin of safety is then 


and 


F 


M.S. (Burst) 


tu 




Burst 


289.8 X 10 
3 

86. 6 X 10 


3 


-1 = ‘2.35 


These margins of safety are adequate. 
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2.3. 5 IX30R RING 'IXJ TANK WKLO ANALYSIS. Figuitj 2-10, Point "B", was used 
for tliis analysis. The corresjx)nding point for the methane lank is Point 24 (Reference 
2-1 }. The nieridianal membrane stress was calculated usiJiji the methane lank analysis 
presented In Rt'fercnce 2-1. The membrane stress for the 1.52 m (GO in )tank becomes; 

o^ = 44.2X10'"* kN/m2 (6416 psi) 


and tlie total stress = 05. 2 x lO^ kN/m“ (13788 psi) 
the resulting stress ratio Ijccomes: 

R.alio - 95.2/44.2=2.15 

The discontinuity stress is therefore 115^, of the membrane stress for the meth.ane 
tank. Conservatively this stress was doubled for the 1,52 m (GO in ) tank. The total 
stress is therefore 

= (1) PR/21 +2(1. 15) PR/2t = 3.3 PR/2t 

V 

For the inxK)f pressure: 


(3.30)(3G3. (i)(0.7G) o 

i - GO. Ox 10*^ kX/m- (8670 psi) 


(2) (7. 62 X lO"-"*) 
and for the burst pressure 


(3.30)(483.0)(0.7G) 

1- - 79. I xiO'’ kN/m“ (11550 psi) 

(2) (7.G2 X 10-3) 


the margin of safety is then; 


110, 2 V 10 

•M.S. (Proof) = — - 1 = ^ 0.34 


GO. 0 X 10 


:3 


1G5. 2 >: lO'^ 

M.S. (Burst) ^ 1 - »• 1.08 

79. .. X 10'^ 


The s.-ifety m.argins are adequate. 
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2,3.g DQOll ANALVaS. The large manhole access door Is conservatively anal j’zed 
by usliy; a simply supported circular plate (Figure 2-11). 

0.53 m (20.85 In) 


! ^ i 

t ..t-, +... t- 

^ P 241. 5 kN/m“ (35 psi)) ^ 

Figure 2-11. Simply Supported Circular Plate 
The totnl apiilied load W, from Reference 2-4, page 2-16 is given by the equation 

2 o 

W = wna = 211.5 « (0.2‘:5)^ = 53.3 kN (12000 lb) 

\vhei*c 

w - unit applied load kN/m~ (lb/in~) 
a - area. m~ (in“) 

'I'he maximum unit stress at Uie center of the plate is then from Reference 2-4, 
page 2-16: 

3VV a o 

’’m.'LX “ ~ ^ (3m + 1) - 14. Gx 10*^ klv'/m- (2120 psi) (operating 

pressure) 

where 

m = reciprocal of u Poisson's ratio - 3; u ■ l/.'i 

t - thickness of plate, 0.03S m (1.5 in) 

The nuirgin of safety for the operating pressure becomes: 

211.5 >: 10^ 

.M.S. - 1 I - 15.51 

Oi)crating h.GxIO^ 




0.038 m (1. 50 in) 



and tlie margin of safety for the proof pressure: 


X 



M.S. 


Proof 


2 Jl.rj 1 q3 

- 1 = 11.03 

(1.5) (14. G V 10^ 


Tb? margin of safety factors are large for both the oiierating ajul proof pressures. 


2. 3. 7 DOOR ATTACHMFINT HOLT . The large mtmhole access door is attached to the 
tank with (36) 0.013 m (0.5 in) diameter bolts. The bolt attachment is sliown in Figui*e 
2 - 12 . 


0.283 m (11.15 ii^ 


... 1.7 m in-lb . 

Moment M -■ (330 ) 

m in 


0.2G5 m (10.425 in) 


Shear Load. N - G3.f)— (3G5— ) 

X m in 



0. 0063 m (0. 23 in) 


r liolt Loiui 
c 


Figure 2-12. Bolt Attachment 

Based on tlie metliane l:uik imalysis (Rcfex'ence 2-1, Pg. 53), the fully-fixed edge 
moment is l.(i5 m • kN/m (371 in-lb/in). Actual edee moment is 0. 6(i m • kN/m 
in-lb/in). The moment ratio is then 0. (»6/l. 6.5 - 0. 10. 


To analy/.e the 1.52 m (GO in) test tank door attachment, it was assumed that the actual 
(ioor edge fixing moment is 0.40 times the fully fixed moment. 


Fully fi.xed moment - 


PR 

8 



n 

(2ll.5)(0.2G5 >;; 2,13kN-m 
8 m 

(475 in-lb/in) (operating p) 
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. . .. . 0.8'l.S kN-ni in-11) 

amt actual cdj;u moment for the oj)0rating pressure = — (IDO ) 

m Ln 

and for the burst pressure - ?V . /^qq \ 

m In ' 

The shear loading for the operating pressure ccn be calculated from the expression 

PR 

N ^ =-—= 31.9 kN/m (182.5 Ib/in) 

x.Ojierating 2 

and the shear loading for the burst pressure becomes 


N . . = G3.9 kN/m (365 Ib/in) 

X, Burst 


The load at the center of the bolt is evaluated as follows: 


P^ =117. kN/m (670 Ib/in) 


The bolt S()aciiig - 0.046 m (1.82 in) 

;ind the ultimate bolt load = 8.38 kN (1880 lb) 

The allowable load from Reference 2-2 is 107. 8 kN (24190 lb) 

The resulting margin of safety 

M.S. ^ - 1 = + 11.9 

8.38 

The value of 11.9 represents a large margin of safety. 

2.3.8 T.ANK SUPIKIKT .XNALVSIS. During hoisting and har.iUing of the tank 
O.OlO m (0.400 in) diameter liolcs in the three lugs will be used (Figure 2-6. 
Design limit load factors for handling are 2.0g longitudinal and 0.5 g lateral. The 
empty handling weight of the tank is approximately 1.34 kN (300 lb). The vertical 

load/lug = 0.89 kN (200 Ib) (l imit). 

It is assumed that the entire side load acts on one lug. 

Therefore the side load/lug = 0.67 kN (150 lb) (limit) 



I 


The loads acting on the lug are shown in Figure 2-J3 


0.89kN (200 lb). 


Full 

Penetration 

Weld 



Figure 2-13. 


Loads Acting on Lug 


Lug Bearing 

The total lug bearing load becomes: 


p = \/(.89)2+ (.67)^ = 1. 1 kN (250 lb) 
TOT » 


and the ultimate bearing stress Is therefore - . 

F, --- =: 53.3 x10^ kM/nr (7820 psi) 

oru G1.9X 10"® 

A handling safety factor of 3 was used in this equation. 

The bearing area was calculated to be 61. 9 x 10~® m“ (0,09Gin“). The bearing stre.ss 
of .53.3 X iO^ kN'/ni“ (7820 i).si) is not critie:il. 
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Lug Tear Out 


The shear area was conservatively calculated to be D. '1 x 10“^ m- (0. Idd in^). The 
applied shear strength becomes 


9.3xl0"^ 


35.5 X 10^ kN/m2 (5200 psi) 


The ultimate shear allowable for 60G1-T6 material is 


F = 241. 5 X 10^ kN/m2 (35000 psi) 
su 


Therefore the margin of safetj' is 
241.5 X 10^ 


M.S. 


35.5 y 10^ 


- 1 = +5. 80 


The margin of safety is large. 

Lug Welding 

The moments around the center of the lug welding base are calculated as follows: 
M = (0.89)(0. 015) ' (0.G7)(0.038) 0.039 kN • m (345 in-lb) 

The maximum stress is given by 

max 

F J!_+ = 7.0 X 10^ kN/m^ (1109 psi) 

t A i 

max 

where 


P - vertical load, kN (Ib) 

2 2 

A = weld area, m (in ) 

M - moment, N*ni (in-lb) 

c ■= weld distance, m (in) 

4 . 4 

I - moment of inertia » (n' ) 



Assuming F - -3 « 

of safety; ^ 10 fcN/m (24 xiO^ ,>s/j f 

PSi) for G061-T6 


M.S. =: -^^5. 6 X iq 3 

o , „ 

X 10 ) 


as woldcxl, the 


-»*6.20 


The margin of 


Shfelyforthoin^,^ 


““'■k 'veld la also largo. 


margin 
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FABRICATION OF TEST TANK MODIFICATION 
AND TANK SUPPORT SYSTEM 


3.1 TEST TANK MODIFICATION 

The modification of the test tank was initiated by establishing a manufacturing 
sequence as shown in Table 3-1. The individual tasks consisted of; 

1 ■ Preparing the tank for welding of the large manhole access door ring 
and tank outlet cap. 

2. Machining of the manhole access door, door ring, tank outlet cap and 
tank support lugs. 

3. Welding of the tank outlet cap inside and outside of the tank. 

4. Welding of the manhole access door ring inside and outside of the tank. 

5. Welding of the support lugs onto the tank. 

6. Removal of the existing conical support (girth flange) assembly. 

The insijection methods included dye penetrant and radiography. It was employed 
selectively as judged necessary. A new handling "A" frame was fabricated to 
sup|X)rt the modified tank. 

3.1.1 PREPARATION OF TANK. The e.xisting anti-vorle.x baffles, screen 
assembly and temperature patch harnessing were removed before the tank was 
e.xternally cleaned. The removal of the COSMOLENE created a cleaning problem. 
Convair was not in )X)ssession of a tank large enough to chemically degrease the 
tank. Consequently the tank was cleaned by hand. 

Preliminary .x-rays were taken at the manhole access door ring and the outlet cap 
areas. The door ring area, adjacent to the weld appeared clean. The lank outlet area, 
adjacent to the weld contained tungsten and foreign matcrial throughout. The lank was 
placed into the "King Boring .Mill" to cut the openings for the door ring and tank out- 
let cap. 
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Table 3-1. 1.52 m (60 inch) Tank Modification Sequence 
Operation 

1 Preparation of Tank for Welding 

Removal of interior hardware (antivortex baffles, scretm 
and temperature patch harnessing) 

Cleaning of tank 

Inspection 

Retain tank in NASA support, removal of casters 
Transportation of tank to King Boring Mill 
Large manhole access door boring operation 
Tank outlet cap boring operation 
Inspection 

Transportation of tank to weld lab 

2 Fabrication of Large Manhole Access Door and Door-Ring 

Ultrasonic Inspection of material 

Machining of door and door ring and Conoseal grooves 

I n. . tl OTl 

3 Fabrication of Tank Outlet Cap 

Ultrasonic inspection of material 
Sawing of material 
Machining of tank outlet cap 
Inspection 
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Table 3-1. 1.52 m (60 inch) Tank Modification Sequence (Coni' d) 
Operation 

4 Fabrication of Tank Lugs 

Layout/sawing of material 

Milling/drilling 

Inspection 

5 Welding of Tank Outlet Cap - Inside 

Positioning of tank on side for easy entry of welder 
Setting up for inside welding 

Fabrication of LN, immersion cryogenic fixture tank 

Welding of closure root 

X-raying and repairing if necessary 

6 Welding of Tank Cap Outk-t - Outside 

Tank in same position as Operation 5 
Setting up for external weld 
Completion of weld 

Dye inspection, x-raying, and repairing if necessary - 







Table 3-1. 1.52 m (60 inch) Tank Modification Sequence (Cont'd) 
Operation 

7 Welding of Manhole Access Door Ring - Inside 

Rebolting of original manhole access door fitting, 
inversion of tank 

Setting up for inside welding 

Welding of new manhole aecess door ring root 

X-raying and repairing if necessary 

8 Welding of Manimle Access Door Ring - Outside 

Tank in upright position 
Setting up for external welding 

9 Welding of Lugs Onto Tank 

Setting up and welding 
Inspection 

10 Removal of Existing Conical Support Assembly 
Modifj'ing of an existing machining fixture 
Removal of conical support 
Grinding of surface 

Mountuig of tank to new "A" frame support 
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The cxistuiR large manhole access door ring was removed by making a cut of approxi- 
mately 0.018 m (0.7 in) beyond the previous ring weld. Unforeseen .severe distoilions 
due to the previous (original) wei.’ were encountered in cutting out the original door 
ling. The total dial indicated verti''al runout of the tank wall material at the cutout 
was 0.0114 m (0.450 in). This greatly exceeded the 0.0015 m (0.0G4in) permissible 
runout according to the military specification for '.voiding the 0. 008 m (0.320 in) 
thick joint. The underside of the upper cutout showed a variation of the original weld 
thickness, weld repair areas and heavy weldments nearby an internal probe (Figure 
3-1). These were contributing factors to the tank distortion. 

A combination of mechanical and machining techniques were used to reduce the runout 
and related mismatch to satisfactory' levels. For distortion correction the tank was 
moved from the King Boring Mill to the Bullard Mill. Relialile measurements of the 
cutout dimensions could not be achieved until vibration of the tank during cutting was 
eliminated. This required the fabrication of a spool-like internal support and addition 
of 12 steel blocks between the tank and the holding fi.xture at the location of the coni- 
cal tank support. Both of these internal and e.xternal supports had to be augmented by 
extensive use of Tooling Stone (casting plaster for rigidizing a part during machining). 
The runout thickness variation after the improvement is shown in Table 3-2. 

A shallosv 0. 0005 m (0. 020 in) cut was made by taper technique on the outside shoulder 
of tlie tank next to the cutout. A total of O.OOOO.m (0.035 in) material was finally 
removed to reduce the wall thickness to the required 0, 00S12 m,(0. 34 in) ma.x. /O. 0079 
(0.310 in) minimum dimension. The dian-iCter of the cutout was increaswl to the final 
dimensions of 0.64S m (27.294 in). This dimension which was used to fabricate the 
door ring was checked by the Convair Quality Control department. 

The tank outlet cap bore was accomplished using the same Bullard machine tool. 

Only minor distortions were experienced and no straightening of Llie tank was required. 

Figure 3-2 shows the cutout of the manhole access door ring. Figure 3-3 indicates the 
cutout area distortion. Note the difference in thickness at various locations of the cut- 
out. A closeup of the distortion measurements by the dial indicator at the door ring 
cut is presented in Figure 3-4. Figure 3-5 shows the setup of the tank on the Bullard 
Boring machine to correct the distortions of the manJiole access door area and to com- 
plete the cutout for the new door ring. 

The majority of the problems encountered during the preparation of the tank welding can 
bedirectly attributed to the initial fabrication of thel.52 m(G0 in) Uuik Ijy its original 
manufacturer. It was noted that there was an excessive amount of trapped welding stres.s 
c'.s and distortions which were relieved when the door rings were removed. In addition, 
there was a large variation in parent metal t.hickness adjacent to the location where the 
new components were needed. The problems were magnified by the variations in wall 
thickness in the existing conical lank support weld area resulting from mismatchmg . 
the tank halves, as shown in Figure .3-C. Tlic mismatch nas corrected by the original 










Table o-2. Tan> Thickness V'arlations at the Lartjc 
Manhole Access Door Area Cutout 


Location 

Runout m (In) 

Wall Thickness ni (In) 

0 

0.00000 ( .000) 

0.00979 (.385) 

1 

+0.00056 (+.022) 

0.00975 (.333) 

2 

-0.000254 (-.010) 

0.00950 (.374) 

3 

-0.0007C2(-.030) 

0.0095C (.376) 

4 

+0.0003S1(+.015) 

0.00943 (.371) 

5 

+0.00094 (+.037) 

0.00928 (.305) 

6 

+0.000203 (+.003) 

0.00943 (.371) 

7 

+0.0005U (+.022) 

0.909C4 (.379) 

8 

+0.0005G (+.022) 

0.00960 (.378) 

9 

+0.00122 (+.048) 

0.00956 (.370) 

10 

+0. 000305 (+. 012) 

0.00950 (.376) 

11 

+0.000350 (+.014) 

0.00900 (.373) 

32 

+0.00191 (+.075) 

0.00910 (.358) 

13 

+O.OOOS9 (+.035) 

0.00945 (.372) 





;;-2. l.r)2m(G0in) T;ink After Large Manhole yXccess Door Oifoai 
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Figure 3-6. Mismatch of Original Tanlc Halves 


m;inufacturccl Ijy l:Hiildiag up the off set areas with weld pusses. 

A series of x-rays were taken of the weld zone area that confirmed the presence 
of i>orosity, weld folds, inclusions, and cracks, liecausc of tlie large area involved, 
it was concluded that the considerable rework ixjrfornual had led to the excessive 
stresses. 

The x-ray of the lower Lank cap area. Figure 3-7, shows the presence of tungsten 
Inclusions (dark indication), porosities (singular and linear), weld folds, foreign 
material and cracks (light indication) most of which renuiined as parent metal 
problems after llie original fitting was removed. 

3.1.2 MACHINLNG AND WELDING OF TANK OUTLET CAP, DOOR ASSK.MBLY 
AND LUGS. The material from which the parts were machined was G0(il-TG51 
aliuninum alloy. The material was ultr.isonically ins|>ected at Convair Phuit 1 
facility. The door-ring was machined with the outside diameter 0. OOGl m (0.021 in) 
oversize for shrink fitting it to the tank oi>enihg. All cono.seal grooves were machined 
to the p.atented dimensions supplied by Aeroguip Cor|X)ralion/Marman Division. 

Special drawings were made to assure tl»at the grooves were correctly machined to 
the accuracy necessary for satisfactory .seal performance. .\11 machined dimensions 
were vcrificil f)y the Quality Control Department. 

The manhole access door ring and tank outlet cap were joined to the ttmk utilizing man- 
ual welding procedures. This technique was selected to minimize tooling costs. The 
use of automatic welding retiuires backup tooling to locate and support the ring and 
cap during the welding operation. In addition, tooling for the door ring must be 
collapsible for as.sembly and disassembly in the tajik. 
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Figure ii-T. X-ray of Original l.r.'i m (GO in) T:mk Material - Tank Outlet Cap Aiva 



Joining of the nuinliolo access door ruig and tajjk outlet cai> was accomplished l>y wt ltl- 
ing from both sides of the joint. This ti-clmique wa.s scletrleti to minimize distortion. 
The <loor ring and cap were suljmerged in LN-> then shrijik fitted into the limk opening 
to offset weld shrinl<age. 

The cap was welded first from the inside witli 50% minimum |ienetration. The o|)i)osile 
side was then preiiared lor wehling from the outside using a routing technique. 

X-rays were taken after etich weld to locate tlcfects for removal hefoie proceciling 
to subsequent welding. The completed weld was tiyc i)cnetraht inspected :md was 
x-rayetl for final quality assur.ince acceptance. The x-ray revealed normally 
unaccei>taljle defects in the tank wail in areas untouched by the modification oiie ration. 
The defects noted included small interail cracks, ix>rosities and indications of tuiig.stcn 
inclusions as slwwn in I'lgiu'C ;5-7. 

After completion of the tank outlet cap weld, the door rmg cutout was approximately 
0.00175 m(. 070 in) out-of-i'ound. The problem was corrcxjtcii by fabricating a tooling 
aid to correct the ring opening. The tooling shown in Figure .i-8 consisted of an alum- 
inum ring, 0.051 m {2 iai) thick and l.:i2)n (18 ini outside and O.TJf.ni (2!) ini inside 
diameter, with four ahuninum I-beams and Ibreatii'tl rod.s. The rods were used to 
apitly pressure on the alumuuun ring to correct the out-of-round condition, by apph - 
ing pressure, the 0.00175 m (0.07 in) oiit-of-round was JviUiecd to D. 000251 m (O.Olini 
wliich was adetiuale for iitserting the ring to be welded. The welding proeetiure used lu 
weld the iloor ring to the tank was the same as that for the cap welding. The interna! 
weUling of the ring to the Uink is shown in Figure 2-0. 

2. 1.2 HFMOVAL OF r:.\ISTlNG CONICAL SUPPORT RING AS.SF .MRl.Y . Removal of 
the conical sui)port ring as plannc<l in llu' contractual tank mollification reveaU'd tlie 
original (prlh weld. X'isual apiiearance of this weld did not satisfy aerosi)acc standards. 
The welil eohdition ineluded an e.xeessive mismateh of the two tank hahes. Beeau.se of 
the umsalisfaelory ai^peanuice of this weld, a section of it was x-ray bi.sijected. Fig- 
ures 2-10 and 2-11 show sections of the conical supi)ort weld, randomly selected, con- 
taining weld defects in the parejit metal. These defects were created by rework of 
badly offset areas in the original weltlment. 

.Since all of the noted defects were not in tlic modified areas, Uicy have not been 
officially rejected and reiniired. Considering the GI3CA weld procedures followed 
iliuing t;mk modification and the quality assurance used, tliere was no problem in 
maintaining the integrity of the modif’.ealions through the proof pres.su re te.st. There 
can be no such confidence In the remaining originiil weld areas without a eompleie 
x-ray investigation of the parent material com!)incd svilh the necessary repair work. 
This w.-i.s considered outside the .sed|X; of Ihe program and a diseii.s.sion w ith tlie BcHC 
resulted in a decision that no repair work was necessary for the test task under 
consideration. 
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Tooling- Aili ti> Corri.-.-t ^ia^holc l)oor Uiag' OiK.:iiin;^ 




















ray ol' Original 1.52m (CO in) Tiuil; Material - Conic;U Supixirl. Weld Area 



Figure 3-11. X-ray of Original 1.52 m (60 in) Tank Conical Support Weld 



3.2 TEST TANK SUP1K)RT FABRICATION 

3.2.1 THREE IXJINT SUPPORT SYSTEM. The Ihrcc-point support .sy.s'.eni eonslsiini; 
of 3 tank lugs (Figure 2-(j), three struts and 3 gnard tank attachment fittings, was fab- 
ricated to supjxjrt the test tank fi-oni the cryoshroud and guard tank structure, as shown 
in Figure 2-8. The tank lugs ajid guard tank attachment fittings were welded to the te.st 
tank and guard tank as shown in Figures 2-7 and 2-8, respectively. The proper usage 
of the individual lug holes (Section 2.2), for "Ti'st Support" or "Groiuid Suppoi't" is 
identified on each lug. Commercially available turnbuc.kles, M-IGST, 1.77X 0.1i32m 
(.OaXGin) which are used as struts were purchased from MERRILL BROTHERS 
Company, N.Y. The working load [XJr turnbuckle is 9.(>0! kN (2150 Uis). The yield 
and ultimate loads arc Ih.GkN (^400 lb), and 17.53kN (10GS5 lb;, respectively. 

3.2.2 "A" FILIME HANDLING AID. A new t;mk handling aid "A" frame was 
fabricafed. Its function is to sui)i>orf the modified (anlv from its new door-ring lugs, 
ft is also used for installation of the insulation .syster.. and to transfer the tank to the 
cryoshroud. The mollified tank supix>rted by the "A" frame is shown in I'igure 3-12. 

3 PROOF PRESSURE /LN'D LE.\KAGE TEST 

The test tank modification task was completed after the ix;rformaiice ot tl^e tank proof 
pressure and leakage test. It was decided to proof test the tank at 27G.0 kN/m- (40 
pstg). The proof pressure level was chattged from 3G2.2 k.\'/m- (.52. 5 psig) (Tal)le 2-2) 
to 270.011.^/111“ (40 iisig) laecause of the defects revealed by .K-rays in areas untouched 
by the modification Oix: ration (Section 3. 1.2). A preliminary leakage lest was conducted 
to check all new tank welds for gas leakage. During this lest tiie tank door was sealed 
w'itli a 0. 00150 m (0. 002 in) Tetlon gasket :uid not with the i-egular Conqseals. T.be 
Conoseals were used in the final tank leakage lest which was conducted alter 
installation of the interned tank instrumentation. The use of the Teflon seal in 
the lU'climinary leakage lest saved e.xiiensivc Conoscals and redueed the possibility .. 
of damaging the Conoseal door luid ring surtaees. The lank was pressuri/.ed 
to G'.'loN/ni'^ (10 (isig), leak elieeke'd with . an LSON .Model 510 leak deleelor and 
|)roof pressure checked at 27G.0 kN/ni“ (40 psig) for 5 mimitos. The lanli wu.s tlieii 
depressurized to G9kN/ni“ (10 |isig) and leal; cliecki;ii again. There wa.s no 
iwideiice of leakage. After fabri-uiioii of the internal tank instrunicutalion tree and 
.'lUactiing it to the tank door, the door -uid tree assembly was mounted to the tank 
including the Conoseals. Shortly before closing the door the lank was internnlly 
cleaiied for LH., use. The final leak lest \vas conducted utilizing helium gas and a 
Veeco leak detector, .Model .MS17. The leakage measured at a pjessure differential 
of 13S kN/ni“ (20 P-sig) was 2.8xl0“< sce/sec. This amount of ga.s kaikagt; is les.s 
Ilian the allowable leakage rate of 1 x 10"G scc/.scc, shown in Figure 2-5. 
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IIIKNMAI. 1‘AYl.nAl) SIMULA TOM 

Tito [junKtso of iho Ihorntal payload sir.iulator (Tl'S) was to provliio a (•onslaiil tcmpora- 
Uiro siirluco for iho insulalt-d (n) tank to viow S-1). Tho Tl’S 

'.’nfliiuration consistod of a i.S:i :n (T:i in| dianiotcr aluniiniim plato supiKtrtod Ijy iho 
oiyoshroud assoitiblv. A solioniatio of iho payl<>ad simulator is sltown in I-'it;uro -1-1, 

•I. 1 TlIKl-LMAl. llKQUlUhMHN'IS 

The following [irovisiona wore inf.-ori>ontted in (he design of Ihe Tl’.S lo inettl the 
thi-rmnl cotulillotis during the Null lest, the ilieniitJ tesiliig of tho tank installed 
sy.item ;uul tliernial testing of the castomizod MLI configuralion: 

1. I’twisions for e.si.ild i.stuni', atid m.ainlaining any uniform sictulv-state 
lenpertiUire in tl'.e range of 20.0 to -51 71^ to 700H) over the surface 
of the payload .snnulalor. 

2. Provisions for varying the i;uik-paytoad sitnultiior spacitig to uny value 

between .m iCi ini .anii m US' ;nj. 

.Surftice viewang t.he lanf; tnusl Ite flat and tree of penetrations, 

-1. 'i'otal hetraspherictij eiuittaiK-e less than >’*. 01. 

The ii'inpi'i-aU) re, ■■ 27. --K o'lopj i-f<|uirod durimi tl';o tost operation wa.s achieved by 
eiroul.ttinu l.ll-j tiu ough ooiiling i-oils \velde<l to tiie Imt’.um surface tvi the alujnir.iini 
plate. SiiU-i ilie Tl'S was coinpletel v suri'->uniied bv a I.ll > c-ald wall . two i-oils (l-'igure 
i-li revluced the plati' lemperaluie lielow the re.|iiired 27.Sl-i iaOH) in less llrut ati lumr. 
I Hiring the thermai tests eleei ric lieaiers were use<t to pi'i.>diice the reijU.'.'ed surface 
leinperatun.'S. 'I Ik' nutvinumi predici<-<i ni ,u load of ai>pro\i!naiely aS. H\\ (gd'i lUu per 
Ji.H.i i was at 25'.)K (-'20H/ duringtlie la.nk iherni.d test without the insulation on the pd.-ae. 
Assuitiing a lOa.S V.'Mr.K iHii Hiu,'lir-ti H) ihenn;d ccauluctiviiy for the aluminujn plate, 
a lioater eli'ment spacing oi u. l m |G in} pruducoii a temperature variation less than 
o.iJ'>.')K (o. iUy at the rnaxii.uim he.ht load. There is no ci rcujnlerenlial variation in 
the nonnai llu nnal ilii.\. ilov.evi i', llu-re was a radial variation due lo llie shape ol 
tin- lanlt bottom and i dgc luadin.g by tin- eryoshroud anii bullb'S. This was eori'ecied 
in rb\ idiiic, the hcator into sijii.ii,!,. annular si etions, which wa-ie iiKie|ieiUK-nl!y 
eunt rolled as shown in Fi;nirc -!-i. 
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J'nlpr '/onp lloatcr = 

lii.icM' '/om; lk;:ilor 
MUidk- /onc> lli aior - v ;! 



I'itiiiri- 1-1. Thermal Payload Si nuil.ator .’'chcanatic 


I'hc inruT cd^e of ilic lower l)affle next lo the simul.alor wa.s shielilud hv ten layers of 
aUuninl/ed .Mylar to reduce llie tlieriisal load on the outer lu ater h:md. I’urlher themtaJ 
protection for the simulator was piovided hy a lO-!aycr alumini/ed Mylar insulation 
blanket placed Ixiween the simii];dor .iiid the lx)iian) of the shroud. 


The sinuilator was positioned alonji with the lower ijaffle by moving the TI’S tidjust- 
meiU inech.'Uiisin (nature .S-1). This liaffle w.as nioved by three j.ackscrews which 
were controlled Ifum outside the chamber. A linear displacement tr:msducei was 
used to lieicrminc the phitfurm positi<.in. 


l. J TPS OKSICN AND I'A milCA TION 


Tne I PS desicji confiRuration is presented in I'iRure l-'i. I hc btise jtlatc consisted of 
a J'sl.' 0.0005 m (0. ;575 in) thick and 1.8.’> m (72 in) in diameter. It w.-is fabrie.alefi from 
a highly polished (iOtil-T-i; aluminum pl.ite. I’here were no penetrations on tlie surfaci' 
facing the lank. An cmissivily o( 0. O.'t w.as measured by a l.ion emissometcr Model 
L’riit-7. DiirinR installation of the coolinu coils anil electrie;d heaters the polished 
surface was protected with a strippable plastic film, called Spraylab, which was 
removed after installalioii c.if all components. 

I. 2. 1 C"( It >1.1 NO (TM l .s . The cooliiiR coils wa-re designed .and liibricated utili/iiiR 
•TOiuOm (0.7.5 in) 0.1). 0.00l.51i m (O.OCO in) thick, GOGl-TG aluminum tubiiiR. Tlic 
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t-ii'cur.ilci'oi'.tia! colls wci'c wclckxl in place as shown In l’i|;ui'c -1-2. W’olcis, 0. 02rrl m 
(1.0 in) loiif.;, spaced at 0.02."j'l m (1.0 in) were ap])licd on allenrilc sides of the Uildna 
to . fisiire itood heat fonduclion between the LH 2 lubinj; and tlie TPS plate. HadiaJ 
feex. lines Were not tasteneil to the plate to niiiiiniize therm.ai noniiniformitv ci rcinnferen 
lialiy. Ilu! tiibin^f loop was leak checked with gaseous helium anc a helium mass Si»'je- 
tronicter. It was necessary to reidace a welded portion of the Lll^ Udjlnn, after a 
leakage pioblem could not be resolved. The replacement section was re-checked and 
found to ijo free of any le:ik:ige. 


■I • -• 2 I'. Lil'. C 1 n .C.-\fi II K 1 l-.H.S. The he;it load on the plate :it e(|ul! iltrium tempera- 

ture was e.xpccte i to range from O.Ol to 55 watts. To improve the reliability each 
of the heater rings consists of one high ixiwer and one low [Xtwer heater. Kach lieater 
was c<iuipi>ed with two parallel elements. 


Due to the radially nonuniform heat load on the TPS, the heaters were divided into 
tiiree amutlar zones: 1) an inner zone consisting of Utree inner rings co:inected in 
scries: 2) a mifi zone consistuig of two rings connected in series, and 2) an outer zone 
consisting of the outer ring. For versatility, each heater element lead wire w:is 
e.xlendixl individually to tlie outside of the chamber to facilitate regrouping if nece.ssiiry. 
Tlie heater uesign connections are shown in Figure 4-2 ;uul I-;). 


Inner Zone 
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Figure 1-2, Sketch of Electrical Heater Connections 
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The material seloctc<i to constinet the electrical heaters was based primarily oii the 
rec|uired temperature limits of 20. 5K (y?H) ;uuJ 117K (TfsOll) with secomi consideration 
being thermal comiuctivity. The heater was coastructcd Ulilizing 0. ()002r>'1 m (0. 0]0 in) 
Invar and O.OOO.aS m(0.020 in) tliick stainless steel wires. The Ti.non film between the 
T1’.S and heater wires was roc(uire<l for electrical ijtsuhdion. The Tellpn film behind the 
heater wire reduces the area lb:iding on the silicone rubber foam while limiting the 
force on the wire to prevent its cutting thix)ugh the insut.'Uing Teflon. The silicone 
fo;un Is a resiilant filler to piovlde good mechanical contact between the heater and 
the TPS and some thernud in.sulation between the heater and the tiluminum back-up 
strip. HT\' 560 potting com|X)untl is used primarily for thernud conductivity and also 
as a mechanical bond. A photo of the completed thermal payload simulator in its 
prolective holding fixture is shown in Figure -I— 1. 










Civ^< )Siii;( >!, i) ASSi-.M-’.i.'k M< )bii- i(;,\ l l< >X 

The- jiKiili l'ic;il ion i»l' tlu‘ c rvi)shi o;i,l \v:is iniiioii-il by cvahniliii^' l!io ilcsi^ii of the 
cryoslu'oiul ;is;s(.'inbl>' '.\hif!i \v;i:s funusluM! l.iy ila- NASA l.c-KC lo sinuilnto tlio L-nviroii- 
lUfiil of (It ..-[j ' '! i'.O tTyoshriHid \.;is rod to I»e cooled by litjuiii hydroi;cn 

;im! to iiave a liiyli sui t.'icc eiiiitlaiice <n*. Ihoso- surl.'iccs viotvirin’ the test 
tank. The objective of the modification was to establish as near a low teiii|)eratiue 
black Ijody ca\ it\' as feasible, a:id inii;iiiiize ciaoshroiid hydroj^en iisaRe. 

The cryoshrmid assembly modifie;Uion effort was subdivided into five tasks: 

1. Cryosluxiuct modifieatiori 

2. Cryoshrouti baffle ilienmil aieilysis 

•‘i. Crvtjshi'oud baffle dt;siioi ami tabricaiitin 
•I. Gimrd t;uik tlesiyii and fabrication 

5. ■|'herinal p:iyload sinudator and baffle posit ion inir inechanisin dcsiiin :uid 
fabrication 

<>. Asseinljly of tl)e ersoshroud coinpixuait.s 
5,1 CUYOSIIUOIT) MODmCATION 

The cryoshrmid was ;i 2. 11 in p.di in) i.lianKtcr by INI'! in p.iG in) hi;.;ii evl iiiiirieal shell 
with top and boUt'nn covers. Ctxiliir^ coils were wehled to all snrfaces. A sctvMnalie 
of the cr\i.ishroud is shown in 1'iu.airc S-f, The nnUorial used in the eonsmiction of 
the cryoshiaiud w;is principallv <;m;i :iUiininuin alloy. The basic construction w;is a 
framework of 0. 070 0. 070 0. i.MO;; m (,'! x .'I x 0. 25 in) aiv! 0. 070 x 0. 000.'; m p'i x 

0. 25 in) b:ir stoel; material with 'hpo;; i., (l/s in) slii.cl eovtiriit;;'. The ton co\a.r liad 
a hc.avv 0.051,m(2 in) thiclt niounlin^- rina' atliiehcd by O.O.’i.'i m (25 in) di.amet )• 

25. •! cm (If' in) hi;^h slce\r. Tlie rimf w.as br.iecil by four radi.il sliaits. The cxlind- 
I’ical shell li;id eia'h' liaflle ;rnidcs whieli .also |)rovi<kai supjiort for tlic sidewall stiaielure 

The eryosliroud was mounted in tlu' v;u;innn chamber on jiads under ilte lv)ttom eover 
riUlier than siiiiporii,’d from the inoimtiny; rintt in the lop. Tims the radial strut load 
was coiripri'ssiun l allu'r Ilian tension. Aluiniiumi iinitles 0. 07G x 0. ‘,)70 x 0. QOO,'; m (.'I x 
2 0.25 in) wi'rc attaehed lo eaeh side id’ each radi:d sliait ^ I'iati re a-l'i. I lie lop 

cover (NASA I 'rawiii;.; If irjldl) was .ils<. inmiified by. tile addition of a 0.07G (5 i;i) !iok 
for the bafl’le \ent liiu‘ to cy.il the ervoshiinn!. 

'I'he bottom o-vei' (NAS.\ Drau ina (.' I’ 021022) was modified bw the addiiion of hides 
for cO(din)C lubes and for the [lat load sinud.aior I iftiiit: jack si-rcws. The new bi.itom 
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cov'L'r ilrawiii;^ is pvi.'Sts'.f-Al Ti-.o only i>iorij!'|:.a; uni to the ! ii'.cli'ica! 

sidewalls was tlie la tiiov:!! oi ilu; osistiiv;' Iniinc.s and rojilac.-ir,. ii* ol' !h. joint.s !.utwr..-n 
llic upper and towau' cuolinp; uii*fS, l-'ipaire "lioiiljle.-.Si'al" (.'onosoal rillinas wen: 

attached to the cr\'uslirmid coolin*;' tuli«,‘ nii and vcnl lines. 

The entire inner sui-raee of ilu,- e-rvoslmaid w.a.s repaini.ed will] low oute.issin.; 'i.M 
N'oNtol Velvet (ilM ini-Cl'!) O.alni. to ;u inevi- a- lii'^i; ati i iiii ,-:si vily as possible. 

5.2 CKY(.'.SIIROi;i) M.\ FKI.K J'liKUM.AL .\N -U-N SKS 

The maior objeclive of llie eryij:;hroud ilierma) .iiuilysis v.;i.s to delennine lau niinihi.:!' 
and location of the litjuid hvilronen cooloil ba files, retiui red lo iiuercepl and absorb l)oll'. 
flire.et and rellocted iheniial r.;diatie!i wiihin llie crvoslinHiil. The location of the 
baffles had to be tlu-rmally .aceeiitable for all three " l ank- TP.S" spaein-s (.Section 
1, 1), required duiani; tin.' testiny, '.ii the eustoinizei! M!,l. 

5.2. 1 TIIFRM.XL .\N.\ 1 .1'S l.S. .\n analysis wu.s j^erlornK'd on the radiation inter- 

change ami he;il iran.sfer inside the lower half (.<f llie ervosiiruiKl willi llie theniitil 
pa,\ load .siniuhilor and insulated ervoeenie tank. Two ' aisie rafUaiion into'eiianyx* 
niodcLs were consitlered. The relleetinp; node inode! is a sei^nu ni •uf the a.viallv 
stTiimetric installation with boundary notles haviny zero einis.'.ii iiy, I'ipur-; 5—1. 

The complete node model, Fi';ure .5-5, ineliules all the radialUf' surfaco areas insh.le 
the cryoslmutd. 

5.2.2 ItKFLFCn.VG NT'DF .MODFL. 'Die inoi.'el eoa-ist.s oi ):; I'/a:. olaie.s and 
represents a 1/15 se<;moiU i2-P) of the total insiallai ion. .Since, in acuial iiraclieo, 
the encrsjy e.xehanite will Ijc .syanmet ideal ttboiu the vertical lanl-. .i.vis, refleeiiiiR 
nodes (5, (i, 7, S, !), 10) with an emissivity, c ■- ]0“’\ were placed on liie sides of 
the .se^^ment section analyzed. I'hc value, c ~ lO"’-*, was used because the computer 
wdll not operate with a zero value. Use of rellectinu; Ijoundaries reduces the nundier 
of nodes tinalyzed from lie') lo i!) with a cor ixspoiuliim' savinif in setup ami eomiiuter 
time. The cost of C'-mpuiiie^ view factors anil Sci ipt F \alues for radiation increases 
approximately as the 2.;1 p()Wer of liie numlK-r of nodes so that miiiiniizintt the number 
of nodes is siqnificanL. !t is noted that the node size lias been increa;seil fiann a I 'Ui 
settment to a 1/15 sepm-nt in ortler to retlmre llie ma.xiniiini possil.ile numlier of nudc.s 
»n the eompleie model case to less than 2uo; a computer [iropram limitation. 

Four ttcometrieal confi; 4 iiralioii.s were evaluated, (1) o(ien-it.>-spaee , I'L’t the eryoshruud 
only, (3) the eryoshroutl and lower liaftlc. atid t Ft tlie eryo.shrotid and two bafiles. I'he 
therrnrd payload simulator in all ea.ses w.i.s at its lowest po.silion since this is ilie 
location wlicre the svretilest amount of ivneeteii (.:iieruy from ilie siirinid baffle sur!':u c 
will occur. The emissi\ity of the thenual iiayloai! simulator modi.- h was f j-ps ".b| 
and the MI. I .surface on (he tan!, (nodes 2, -U was r-y ■ 0. O.'l. The einissit ilv on ih.e 

shroud (nodes l-'l, 1-1, 15) and btiffles (nodes 11, 12 and Pi, J7, !/:, li.ii was \arieil fri.ii 
0.35 to 0. 1)() to .simulate different .surface eoaiiieys. 
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5.2.3 COMPLKTE NODK MODEL . Tlicrc Is some uncertainty in the ;iccuracy of the 
tliennal model using renecting lx>undary nodes. The Gebhart teclinic|ue (Reference 5-1) 
fir (it tennining Script F assiunes diffuse reflection from all surfaces according to the 
I.aml'i'it eoshie law, whereas specular hemispherical reflection Is mure representative 
of the actual case. 

The di.fercnces are indeterminate except by generating a complete open model with no 
reflecting nodes. Therefore, for (1) the open-to-space and (2) ti.e cryoshroud with 
lower baffle configurations, a complete model analysis was made. 

The analysis used the same basic node sizes. Figure 5-5, as the reflecting model with 
each individual segment being 1/15 of the total installation. The directly transmitted 
and reflected energy’ from each emitting segment to a 1/15 receiving segment was 
computed, then the results multiplied by 15 to determine the heat exchange to the entire 
circumferential surface. This technique reduced the numter of jes actually 
analyzed in the cemplete model configuration. 

5.2.4 FINITF NUMERICAL APPROXfM ATIQN. The node models consist entirely of 
flat plates to simulate the cur\'ed surfaces. The modeled flat plate surface areas luid 
the actuiU curved surface areas are listed in Table 5-1. The view factors were 
determined by breaking each node into smaller finite elements. The node areas and 
elementtil brealtdown is listed in Table 5-1. The view factors were computed for the 
cases of a smaller node to a larger node and the calculated reciprocal used for 
interchajige from large to small nodes. The view factor projection was computed in 
finite 5‘ sweep angle increments. All node sizes and finite element breakdowns were 
identical in the reflecting .and complete node cases, therefore view factors within a 
segment were also identical. View factors from the payload plate to the three tank 
nodes are given in Table 5-1. 

5.2.5 RKSIM.'I’S . Ilc.at flow values are plotted in Figure 5-t; for the shroud, f = 0.35, 
.and lower baffle, e - 0,9(i, configuration for both the n-flecting node and complete 
node models. Fmissivity of the fixed top and bottom baffles is also 0. 00. 'i'he 
complete node model for the case where the emissivities are 1.00, open-to-spacc, is 
also plotted in Figure 5-0. Accurate numerical values of the plotteci data arc listed in 
'Fable 5-2. 'Fhere is a difference of almost 0(F,7. between the reflecting :md complete 
nodi' models indicating the reflecting node model is not a suitable representation of the 
actual installation. It is noted that the lieat flow to the shroud .tnd lower b.affle eon- 
figairation is within approximately 0'7- of the. open-to-sj)aee ease. For exiimple, at a 

'I' PS surface temperature of 278K (500 H) and a shroud and l)affle emissivity of ti. 85 
and 0. !)(i respectively, the heat flow from the thermiil payloatl simulato" 'o the cryo- 
genic t;mk is 0. .‘!80 watt (1.295 Btu/'nr) utilizing one baffle Initween the to|) baffle and 
the Ijottom b.afile. Using the same temper.ature for the "Open-to-.SpaGc" case, the cal- 
culated licat flow is 0..357 watt (1.219 Btu/hr), resulting in a difference of 0.022 watt 
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rable 5-1. Model Node Desciiption 










Table 5-2. Heat Transfer From Thermal Payload Simulator to Tank Bottom Hemisphere 
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(0.077 Btu/lir) or (>.:>%• AdditioiKil Ij.'if'nos within this (kmtow hrind :;ro not iustificd or 
pr:ictic;il for such a small and largtdy imli'torminatc Jtain. 'I'lic condjincil accuracy of 
the finite element analysis for radiation, the know accuracy of the surface emissivities 
and a/t , and the test measurements are also not consitletaal to be within tlie n’’i band. 

It was therefore decided to use only one intermediate baffle between the top liafflc and 
the thermal payload simulator. 

5.3 BAFFLi: DKSIGN ANI) FABRICATION 

The existing internal baffles which were furnished with the cryoshroiul bj’ NASA/i.eRC 
were too small to accommodate the 1.52 ra (30 in) diameter test tank. In order to 
enlarge this inside diameter it would h:ivc been neccssar\' to remove the baffle surface 
cooling coil, malting it impractical to rework these baffles into the design required for 
the test program. Throe new annular-shaped liquid hydrogen cooled baffles for attach- 
ment to the internal surface of the cryoshroud were designed and fabricated. 

5.3. 1 BAFFLF LOCATION. The first baffle was located at the test tank equatorial 
plane and was rigidly attached to the cryoshroud. It intercepted ajid prevented thermal 
payload simulator radiant energy fi-om entering into the region of the test tank upper 
hemisphere (Figure S-1). The lower baffle was aligned with its top surface approxi- 
mately 0.025 m (1 in) al)ovc the top surface of the thermal payload simulator. This 
baffle was dcsigiied to move as a unit with the TPS and remain in that relationship .at 
all positions of the thermal payload simulator to prevent back surface radiation emission 
and TPS-MLI interlayer tunneling radiation from entering into the tank lower hemisphere 
region. The intermediate baffle was rigidly connected to the lower baffle and moved with 
the lower baffle at a distance of 0.47 m (18.5 in). ). 

5.3.2 DESIGN . The fundamental baffle structure was a sanriwich of ajmular shape . 
whose main structural element was a flat, GOOl-T G aluminum plate, 0. 0032 m (0. 125 
in) thick. Tlie annular alumimun base plate had G0G1-T4 alumimun cooling coils welded 
to its upper surface. Aluminum lioneycomb with 0.0032 m (0.125 in) cells was bonded 
with APCO 1252 urethane adhesive and additionally bolted to one or bolli surfaces. This 
configuration was selected to produce good thermal coritacts allowing all baffle surfaces 
to attain the same temperature as the ci’ycshrdud walls. The design is presented in 
Figures 5-7, 5-8 and 5-'J. 

The bottom surface of the honeycomb on the lx>ttom baffle bad a faceplate bonded to it to 
make a sandwich construction for stiffening. Six plienolic blocks were bolted to the 
lower surface of the movaljle baffle to provitle support for the thermal payload simulator 
as well as reducing the load concentration of the Ixifllo oosilioning mecluuiism. This 
mechanism allowed the lower two baffles to move with resjxict to the cryoshroud and 
the fixed upper baffle. Continuous UI 9 cooling flow was maintained by means 
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Figure 5-9. Baffle Assembly - Honeycomb A rraugoiienl 
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of two coolinjt tube coils cxtendlnK iiroiind tlie outside edpe of the bufflcs. One of these 
coils was below the lower two n\ova!ile liafflcs ;md the .'iihef coil was Ix^tween tlu; ujjper 
fixed baffle and the lower tv/o movable baffles (I'ipxircs t>-7 and 5-8). Tliese two coils 


extended and eompressed like coils in a spring as the two niovalile baffles were adjusted 
up and down. With this method, there was no hi^h sjx)! in the cool in jt lubes for vapor 
entrapment. In tlio same manner, two coils were used between TPS ;ujd bottom of liie 
cryoshroud to provide movement for the 'I'PS. At the upper b.afflc, the tube was vented 
up through a hole in the cr\'oshroud upper cover. Kighi slotted struts were provided at 
the outside edjj;e of both the sinRlc upper fl.xcd baffle and of the two lower movable b;tffles. 
These jxjsitloned and ;jui<lttd the baffles as they were moved In the shroud. "U" clamps 
locked the upper baffle in position and prevented the lower baffles from fallinn out uuriiiK 
removal of the thermal payload simulator. 


5..3..1 FABRIC A TIO.V. Prior to fabrIcatinR the cryoshroml bafP.es, a sandwich sample 
consisUntt of 0 00102 in (0.040 in) thick 60G1 alumiiuim with 1.587 m (0.G2.5 in) honey- 
comb attached to both sides was Immersed in liquid nUrojicn for 2 minutes. The 
SiUTiple w*a.s remo\*eci from liquid nitrotjen and ailow’cd to return to .aml^ienl lempeiatuic. 
This lest was repeated 1!) times for a total of 20 cycles. Twenty additional tests of the 
same kbul were conducted uslntt liquid liydrogen. 1 here was no apparent failure of the 
joint. 

.Ml base plate sections, tubing and honeycomb materials were cut and chcTnicully 
cleaned. The tubing was provided wiili an additional C.0254 m (1.0 in) wide ;ilununum 
i>ase plate to avoid warping of the 2.-11 in (96 in) O. II. annular bafPe base plates. Weld.s 
of 0.0254 m (1.0 in) length .at 0. 07G m {3 in) cerJers wore applied on each side of tlic 
lube to ensure good heat eonducUon Ijelweon tubing :md base plates. .Ml licjuid hydrogen 
tubing w;>.s leak checked and repaired as necessary after the welding operation. 

I nforcscen distortions of the 0.00102 m (0.040 in) lUiiminum bafPe base plates were 
encountered during welding of the liquid hydrogen tubing onto tfie bafPe sheet m.-ueri:d. 
Since iiroper bonding of the honeycomb to the base plates could not be assured under 
these circimistanccs. the 0.00102 m (0.040 in) thick aluminum ))late wa.s rciilaceil by 
0.00.‘12 m (0. 125 in ) tliick plate material. Welding of the Uibirg to Uie new b:ufle sheet 
material was completed without distortions. The honeycomb material t\pc AL-1/8- 
50.52- 0021’-S. 1 perforated, wi* : i;archased from IIFXCKL Aerospace Comp:my. This 
material was utiU.'.ed on the lower surface of the uptier baffle, on both surfaces of the 
iiitermcdiatc baffle and on the lop surface of the loner baffle (figure .5-9). I he 
hoiieyconili material on Lite lower surfaces of the lx)Uom plate \s.\s Hexcol Ijpe AL- 
1/8-5052-002 N-8. 1 Non- Perforated. A face pl.nic was bomied to it to make a rigid 
.sandwich construction for the movable baffle. The plate ua.s cut in sections ajid 
prefiued to blue print dimensions. It was then Iwndcd to the bafnc base plate under 
vacuum prcs.surc for 13 hours ullli/ing APCO 1252 urethajie adhesive. I'he honey- 
comb was additionally bolted to the plate with 0-32 .aluminum bolts to achieve g^xid 
ilurrinal conductance ancla belter mechanical joint. 
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ii. I I'AI FU-: AND TIllMlMAl. PAYLOAD SIMULA TUH I'OSITIOMNG MKCIIANISM 

Tlu‘ tlu rinal pei'fonnancL' test of the custoini/.eil multilayer insulation rwiuired that 
the spaeiii}; between test tank ami thermal paylead simulator eoulcl be adjusted from 
0.-157 m (13 in) to 0.151 in (G in). Tlie lower two baffles and Uu; thermid iiayloatl 
siimiLator were desifiiual to move toj;ether; the bottom liaflle remaining in the same 
plane as the payload simulator as they were ailju.sted up and down. 'I'his was pro- 
vided for by restii)}; the thermal paylo;nl simulator on six plienolic bltKiks l>olted to 
tlie bottom of the lowest baffle and resting three t<f the phenolic blocks on three 0. 0254 
m (1.0 in) dinjneler screw- jacks exlendinit ihroutth the l>i>ilom of the cryo.shroud, 

I’ifturc S-1. The rotatinjj: nuts for the jack screws were fal)ricateil from ’rcflon. A 
bic.vclc-ch.ain .sprocket “a-s attached to the I'ellon nut at the lx)ttbni of each of screw- 
jacks and all three sproc ets v'.eio. driven simulLincously by a single chaui. By chaJtninjt 
chain position on the sprocket, ^.ery minute adjustments tf> thermal payload simulator 
hcijthts were made to level the tiiermal payload simulator e ~inR installation. 'ITic chain 
was driven by a small sprocket and hand '•rank oii ; shaft that p.issoti throuph the bottom 
of the cliamber. As u back up t<i tlie posiUonlnn trtu.siluecr, the sprocket tooth ratio and 
jack screw thrcads/inch c.mbined, required tums of the h.-uul crank to produce 

0. 152 m (G.O in) of travel. 


Drawings of the positioning mechanism With all <let:iils are shoum in Figures 5-10 
through 5-lG. The selection of the material for the positioning mechanism parts was 
based on low heat trun.sfer considerations. 


5.5 GUARD TANK DB:SIGN AND FABRICATION 


111 order to prevent entry of exliauieous heat to the test Uuik, fluid lines going to the test 
t;mk passed tluo^gh the liquid iiydi-cgcn gnard tank as shown in Figure S-1. I'he test 
lank was also suspcndetl from tlie guard l;mk which wjis altaclied to a support ring in the 
top cover of the cryoshroud. 


Tiie guani t:mk was fabricated from 301 CUES material. Us construction 'Figures 5-17 
and 5-18) consisteti of two formed 0. GlO m (24 in) diameter t;uik lieads eoiUK-cted by a 
0. 1422 m (o.C in) higli eyliivler. The material gauge was 0.0032 m (0. 125 in). A iietivy 
mounting ring was welded to the top of the gu.-ml tank to lr:msfcr loads frotn the test 
lank to the cryoshroud structure. Three lugs wore welded to tlio bottom of the tank at 
it ', periplierv for attachment of the test tank support struts (Ref. 5-2). 

The test tank fill/drain line and vent line, consisting of 0. 051 m (2.0 iji) O. D. , 0.0005 m 
(0.035 in) wall, 304 CRlitS tubing, penetrated tlie guai'd lank. Both of these lines passed 
with a " U" bend through the guard lank to prevent r.idialion tunneling ;uul to allow for 
thermal contraction. 'I'tie guard tank fill and vent lines were fabricated from O.OlOl m 
(0.75 in) O. D. CRFS-301 lulling. 'I'hc instrumentation lines going into the test t.onk 
passed into the lank through the vent line. This eliminated ;ui electrical pass-thru in 
the test lank dixir and an additional line through the guard tank. 
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NOTE: All dimensions arc in Inches 



NOTE: All dimensions are in inches 



-7 ANGLE 



SLx (G) each -7 & -17 with x “ ,55 
. Material: 3/4 x 3/4 x 3/32 or 1/8 6061 T6 Alum Angle 

Figure 5-16. Positioning Mechanism - Angle 
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The elccLricitl *'.;irnoss v.as foil ihrou"' separate lube in the f^tiard timl': to pro\'ide 
Rood thermal contact and to assure coii.,.lclc heat removal. Bellows (SS-2000- 120- 
85A, ?ilini-Flex Cc.rjj. , Van Xiiy.s, CA) wiu’o provided in both the liiie.s between tlie 
test tank uik! p lai-d tank for ea.se of installation and to assure that the loads caused 
by r.i .emont el ■.l.e test-t.ank were not iran.siriitt‘.-d threugli the.se lines. 

5.0 .NIODIFII.:i) i.::iV< SimoL’D A.SSK.MBLV 

.5.6. 1 .\.S.SF.MBr.V S'K t ji.n.'XCl-.' . Fifjurc 5-10 shows the a.ssenibly of the cryoshroud 
cover includinj; the fiil/venl Ibics of the test tank, guard t:uik, thermal payload simu- 
lator, cryoshroud and li.nflcs. The .a.sscmblv of the crj'oshroud and baffles with the 
guard tank, test tank, ti.ennal payload simulator ;md Bafflc/TPS positioning 
mcchtuiistn is presented in Figtire 5-20. The assembly of the major components was 
initialed lyv mating the girud tank to the cryoshroud cover. The uninsulated test tank 
was attached to the guard tas!. /shroud cover (tank assembly) as shown in Figures 5-21 
through 5-23. 'ihe tank asscmljly was leak checked with gaseous helium utilizing a 
helium mass spectrometer. .After the installation of the baffle.s to the eiyoshroud 
(Figure 5-24)^ the tank assembly was temporarily moimtcd to the cryoshroud/baffle 
a.ssembly. The tc"t 'ank support.s were adjusted to ol)tn.ln a concentric location of the 
test tank "itliin the cryoshroud/baffle assembly. 

Prior to mounting the baffles on the cryoshi’oud, all bafTic supports were fabricated 
and attached to the wall a.s sliown in Figure 5-9. T!ic bafllc cooling coils were 
exteiTially cleaned with Freon solvent, then leak checked witii helium and repaired 
as necessary. 

As shown in Figure 5-20, the guard t."r,k was supported .T'om the cryoshroud lifting 
structure. This arrangement permitted assembly and installation of the cryoshroud 
cover and test tank as a unit. 

The cryoshroud assembly support consi.stod of 6 micarta and aluminum legs, bolted to 
the crvo.shroud and resting on the bottom of the vacuum chamber. The micarta 
material is used to minimize heat transfer. 

5.6,2 THFR.M.AL PAtX f HFQUIREM ENTS. .After assembly, all interior surfaces 
including the cryo.sliroud, bafne.s, ;uul attachment harilware viewing the test package 
were completely covered with 5M 'Ne.xtel” Black Velvet (,3M lOlClO) paint to achieve 
tiic highe.st emi.s.sivily pos.sible. This paint is designed for siirfacc-s rcqiiirmg high 
emissivities .and low outgassing in a vacuum, 

5. 6. .‘3 FLl'lL) Tl'DIXC. .Single and double Cono '■al.s were used for flange and tubing 
joints where welding was nut fcasittle or dcs..aolc. Single Conoscals were utilized 
for .stainless .steel joints while double f'onoseals were applied where a Iji-met.al (i. c. , 
.\1 -• Cres) joint could cause a pos.sible leak. The Conoseals :uid Cono.seal groove 
infoiTnation were provided b_v .Aeroquip Manntui Corporation. The cryoshroud and 
baffle filling operation v.as accomplished through a single fi’'. line, at the InrUom panel, 
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The elocli’ical' harness was fed ihrouj^/ a. separate lube in the tousl'd tank to provittc 
y;ood thermal ctmtact anii to assure cnmjjletc heat rcinov':,i). Bellows (SS-2000- 120- 
85A, Mini-Flex Corp. , Vrm Nuys, CA) wore provided in both tl’.e lines between the 
lest tank and l lard tank for ease of installation and to assure that the loads causetl 
by r.i /ement of li-o test tank were not transmitiod through these lines. 

5.0 MODIFIED CRVCSIIUOUD ASSEMBLY 

5.6. 1 ASSEMBLY SE(iL?ENCE . Figure 5-19 shows the assembly of the cryoshroad 
cover including the fill/vent luics of the test tank, guard tank, thermal payload simu- 
lator, cryoshroud imd baifles. The assembly of the cryoshroud and baffles with the 
guard lank, test tank, ti.v-rmal p.aiload simulator and Eafflc/TPS positioning 
meckmism is presented in i^igure 5-20. The assembly of the m.ajor components was 
initiated Ijy mating the gu:nd tank to the cryoshroud cover. The uninsulated test tank 
was attached to the guard Ian . /shroud cover (tank assembly) as shown in Figures 5-21 
through 5-23. The trmk assembly was le.ak checked with gaseous helium utilizing a 
helium m.ass spectrometer. After the iu.staltation of the baffles to the ciyoshroud 
(Figure 5-2-t), the lank assembly was temporarily mounted to the cryoshrcud/baffle 
assembly. The test tank supports were ad).isted to obtain a concentric location of the 
test tank within the cryoshroud/baffle assembly. 

Prior to mounting the baffles on the ciyoshroud, all baffle suppoj-ts were fabricated 
and attached to the wall as shown in Figure 5-9. The baftlc cooling coils wore 
externally cleaned with Freon solvent, then leak checked with helium and repaired 
as necessary. ■ 

As shown in Figure 5-20, the guard tank was suppoitcd from the cryoshroud lifting 
structure. This arrangement permitted assembly and inst.allation of the cryoshroud 
cover and test tank as a unit. 

The cryoshroud assembly support consisted of 6 micai’ta ami aluminum legs, bolted to 
the cryoshroud and resting on tlio bottom of the vacuum chamber. The micarta 
material is used to minimize heat transfer. , 

5.6.2 TllElLMAL PAINT B EQUIRF.M ENTS. After assembly, all interior surfaces 
including the cryoshroud, baffles, .and aU.aclunCnt hardware viewing the test package 
were completely covered with :3M 'N'extel" Black Velvet (3M101C10) paint to achieve 
the higliest cmissivilv possilile. This paint is designed for surfaces requiring high 
emissi\itifs and low oiitgassing in a vacuum. 

5. 6.3 Fl.UID TUBING. Single ami dmiljle Conoseais were used for flange and tubing 
joints where welding was not feasiljle or desirable. Single Conoseais wei'O utilized 
for slainle.ss steel joints while double Conoseais were. applied where . a l)i-mctal (i. c. , 
Al I Cres) joint could cause a possible leak. The Cbnoscxils reid Conosc.al groove 
information were pro\ ided by Aeroquip .Maiamui Coiijoration. The cryoshroud and 
bafQe filling operalion was accomplished through a single fill line ai the bottom panel. 
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Figure 5-22. /i.sschibly of Cryo.shroud Cover/Guard Tank and Test Tank, Side View 















Figure 5-24. Cryoshroud and Baffle Assembly 




! I ! 1 ! 


The thermal payload simulator has its owm fill and vent line. The baffle coolinj' line 
is a eontinuous aluminum tube which makes a circle around the baffle on the lower 
side (not attached), goes through the movable baffle plate and makes a double circuit 
on the upper surface of the movable baffle. It continues with a spiral around the 
cryoshroud from the lower movable baffle to the fixed baffle. The coil tlien exits 
through a hole in the shroud. The Conoseal flanges, tubing, joints and gaskets used 
for the cryoshroud assemblj' are slwwn In Table 5-3. 


Table 5-3. Conoscal Flanges^ Tubing Joints and Gaskets 


Item 

Location 

Seal No. 

No. 

Material 

I'ube Joint 

Guard Fill/Vent 

59190-12SS 

2 

Cres 

Double Seal 

TPS, Baffles 

591G2-100S 

5 

Cres Male 

Flange 

Cryoshroud 

591G1-100A 

5 

A1 Female 

Double Seal 

Test Tank Fill/Vent* 

59162-200S 

2 

Cres Male 

Flange 






Single Seal 

Test Facility 

5G331-200S 

2 

Cres Male 

Flange 

Test Tank Fill/Vent 

56332-220S 

2 

Cres Female 

Gasket** 


59307- 12A 


A1 Alloy 



50887-100A 
50887- 150A 
50887-200A 
50887-250A 


\ 



* The mating female flange was machined as a part of the test tank lid. 
♦♦ All gaskets were Teflon coatccl before installation. 
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DESIGN AND FABRICATION OF THE THEIIMAL 
PAYLOAD SIMULATOR MULTILAYER INSULATION 


The Thermal Payload Simulator (TPS) is a 1.83 m (72 in) diameter disc, insulated 
over the entire surface on th ' side facin'’ the test tank (Fi^re S-1). The objective 
of the TPS is to provide a constant temperature surface for the insulated tank to view. 
The thermal payload simulator surface viewing the tank is flat and free of penetrations 
and requires a total hemispherical emittance of less than 0.0;"). The ix;rimeter of the 
thermal payload simulator is also shielded from an adjacent baffle by the application 
of three radiation shields attached to the baffle structure (Figure S-1). 

G.l BLANKET DESIGN 


The multilayer insulation (MLI) of the thermal payload simulator is composed of three 
individual blankets to obtain the required constant thickness GO shield MLI system over 
the entire surface area of the thermal payload simulrtor. A blanket arrangement 
schematic and the actual design drawing are presented in Figures G-1 :uid 6-2 


respectively. 


Each blanket is a 1.83 m (72 in) diameter sandwich consisting of 20 radiation shields 
and 19 spacers. Two radiation shields are cover shields that establisli high lateral 
thermal conductivity-, act as protectors during handling aiid installation, and provide 
a stronger surface for attaching insulation fasteners. The blanket cover shields are 
laminates of D.OO xiO'^ m (2 mil) Mylar ajid 2. 54 m (1 mil) aluminum foil bonded 

togetiier. The aluminum portion of the composite shield is located on the outside of the 
blanket. . The cover shield of blanket No. 3, applied on the outer surface viewing the 
test tank is painted with 3M Black Velvet Paint (Section b. 2) in the area shown in 
Figure 6-1. The remaining 18 radiation shields arc double aluminized G. 35 x 10”® 

(l/4 mil) Mylar shields. Each shield requires between 300 and 500 .A of aluminized 
vapor deposited on both sides. The spacer is composed of two layers ot silk net 
(silk netting No. 2772, Industrial Textile, Cleveland, Ohio). 


All blarieet layers are interconnected by Nylon button pin studs (ZYTEL 101 Nylon 
Resin) to control blanket thickness at a nominal dimension of 0.00703 m (0.312 in). 

The button pin stud set (Figure G-3) consists of a 0.021 m (0..'^27 in) long pin 
integrally molded with a disc at one end and a notch located u. 00702 r.i (0.312) from the 
disc. The retaining button (Figure G-4) slips into tlie pin notch. The button pins are 
distributed on 0.2032 m (G in) ccntcr.s throughout ihc I)l:ud<ets. Installation details of 
a typical section of the TPS blanket are shown in Figure G-2. 
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(;,2 BLANKL.T ATTACHMENT DESIGN 

The blankets are attached to each other aad to the thermal paylouti simuliitor usin^ Velcro 
hook-a/ul-pile-lyix; fasteners that conform to the siiecificatioas given in Figure (i-2. 


For the iirst blanket assembly, facing the. thermal payload simulator, the pile sections 
of the tnixjs are bomled to the simulator surface and the mating hook sections are lx>nded 
to the blanket cover shield using Tcledyne Coast Pro-Seal 501 adhesive. This adhesive 
is designed for exceiJtionally high peel strength. Close tolerances for locating the 
fasteners are not reciuired since the size of the fastener can Idc established to com[)ensate 
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Figure G-3. l3utton Pin Stud 
NOTE: AH dimensions are in inches 



Figure 0-4. Retaining Button Detail 


for any nii smutches between the pile 
and hook sections at assembly. The 
Velcro hooks and piles arc arranged 
in a cross pattern as shown in Figure 
0-2. Tliis wall [>ermit easier instal- 
lation of the blankets and will tolerate 
a slight mismatch in alignment. 

The second blanket is attached to the 
first by bonding the i>ile and hook 
sections to the adjacent face sheets 
between blajikets. Simiiarlyj the 
third blanket, which faces the test 
tank, is attached to the second blanket 
assembly. The loc.ation of the 
fasteners is common to all blankets. 
.An annulus zone on the third blanket 
cover shield facing the test t:ink is 
painted with .iM "Ne.stcl" Black Velvet 
Paint No. .5M-401C10. This paint is 
designed for spray api)lication to 
surfaces recjuiring low gloss ;uid low 
outgassing in vacuum. 


BLANKET FABUlCATiON 

Fabrication of the multilayer 
insulation blankets and components 
was conducted in the clean room 
facility in Building 51 at Convair's 
Lindbergh Field plant Tiie facility 
measures l.'L. l in (52'.' in) wid'.’, 20. 1 
m (702 in) long and 2. 0.5 m {120 in) higli. 
This environmental and particulate 
controlled facility is rated as a Class 
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C clean room in accoixlance with Federal Standanl 209a "Clean Room and Work 
Station llequiiaments. Controlled environment, " dated 10 Au^nst lOGO. The facility 
includes an air shower :ind foot scrubber unit in the entrance to assist in nuiintaminjt 
the environment with the referenced si-iecification. The facility conditu'n was checkeil 
at the loginning of the MLI production. It was found that the facility was controlled at 
a "Level of 10,000" which was sui)erior to the level required by NASA. 

G.3.1 MLI MANUFACTURING AID REQUIREMENTS. The manufacturing aids required 
for fabricating the thermal iwyload sin^ulator blankets consisted of a frame to stretch- 
form the silk net spacer material and a MLI blanket majiufacturing aid to lay up the 
blankfits for the thermal payload simulator. 'Fhe frajne shown in Figure G-5 is a wooden 
construction, with ;m inside width and length of l.S.l m (72 in) and .2.9(> m (Lit; in), 
respectively. ITie silk netting which was purchased for this contract, 1..17 m ('>4 in) 
wide material, was stretch- formed with the aid of this tool. The stretch-form 
manufacturing, aid was also provided with a trough to catch the access water during the 
wetting operation of the silk net. The <lesign and a photo of the thermal payload 
simulator MLI blanket manufacturing aid arc i)resenteil in Figures G-G ar>d.G-7, 
respectively. This manufacturing aid was fabricated from two pieces of d.00'.>r) m 
(0.37.U in) thick plywood. The tool was used for layu|> and asseml)ly of blanket 
components, for trimming, as a hole pattern for attachment pins, and to locate the 
Velcro fasteners. The cover (tiecc and base i>iece of the manufacturing ..id are discs 
of 1.83 m (72 in) and 1.9S m (73 in) diameter, respectively. Both pieces are matched 
by locating pins. Fifty-two Initton pin drill holes are equally distributed at 0 . 20 .'i m 
(3 in) centers over the surface of the disc. Thirty-two additional drill holes are 
located at the periphery of the disc. 

f).3.2 SILK NET STRLTC H- F ORM ING. The silk net sjjacers were first stretch 
formed in the fr;tme descrilx'd in Section G.3. 1. The 1.37 m (54 in) wide silk material 
was moistened and then dried for a minimum of 72 hours to remove inherent wrinkles 
and to provide sha(>e stability. This production method resulted in a uniform layer 
density of the .MLI system. The silk material, .\'o. 2772, was manufactured in France 
and purchased through Industrial Textile, Cleveland, Ohio. Thirty-eight sheets of silk 
net were formed at a time. In order to obtain the required .silk net spacer width, 2 
pieces were butt jointed .and taixtl with aliimini/.etl .My’..r tatx. 

G.3.3 BLAN KJvT COVER SHIEL DS. The material which was used to fabricate the 
covcu' shields was Sheldahl (■.'1-755 material. This material is a staiulard laminate, 
available in stnek at ('.. '1'. .Slu’Ulahl Co. , Northfiekl, Minnesota. It is eom))oseil of 2 
mi! .Mylar Tvpe .A and 1 mil .ilumimim foil (1 1 15-0 allov), bondi'd together with a thenno 
setting iK)Iye.stcr adhesive. It has a high lateral conduction and is im[x;nueable to gas 
and moisture va|Kjr. The pro))erties are given in Table G-1. 

G.;i.4 BLAN Kl-T l.AA-UP AN D AS Siv MB LY. The thermal paylo.ad simulator MLI 
blanket asseiul)ly is sliowm in Figure <>-2. Since the reOective shields, silk net spacers 
;md cover shields were oversize relative to the largest sheet nuilerials available, the 
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Figure (>-5. Silk Net Stretch Form Manufacturing Aid 
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Table (i-1. I’roixirtics of Bhmket Cover Shield Material 

Tensile Str«.;n};th: Machuie pii-ectioii: 7.fi kN/ri (4r» Ib/in) of width 

Transverse Direction: 7. *.> kN/in ('l.j Ib/in) 


Elongation: 


Weight: 


Machbic and Tr:uis- 
verse Direction: 


Service Teiniterature: 

Permeability to H 2 

Moisture Vai»r Transmission Hate 


0.159 kg/ni“ (4.7 oz/yd") 

213 to :5G:1 K (353.1 to 059.1 K) 
Less th;m 0.01 Iiters/m“/24 hours 


assembly Aayup techniques incluckd provisions for this coiulition to maintain satisfac- 
tory thermal chanicteristics. 'i'o meet these requirements, each blan);et component, 
was processed :i.s descrilx'd lielow. 

Cover shields were fabric:ited v.itli :in overlap joint using a continuous strip of alumin- 
ized Mylar tape with tlie tape on the outside surf.-ice. Haitialion shields were fabricated 
with a butt joint, and he’nl together witli short lengths of alumihi/.ed Mylar t:ipe located 
.at intervals along the joint. Silk netting w;is butt jointed, not overkipped. As ;in aid dur- 
ing layup, the silk net was held in place with masking tape attaclied to areas outside the 
fini.shed trim peripheiy. 

During assembly, the alxivc de.scribed joints were offset from eaeli other both laterally 
and radially to avoid material buildups. 

■Ibe blanket layup was peiTormed utilizing the manufacturing aid described in Section 
G.3. 1. The operation sct|ucnce following blanket l.iyup was to pierce the pin holes with 
a hjpodermic needle and insert button pins and buttons, iipidy lieat to the i^ortion of the 
c.'ctruding pin to form a balded head to keep the retaining button in place and finally trim 
the blanket peripheiy .and remove the template at in.stidlation. IVery other retaining but- 
ton pin face was bonded to cover sheets with I’ro-se.al 501. No ;ulliesi\ e w;is allowed on 
any c-xposed surfaces around the buttons. 

The nart operation was tlie attachment of the Velcro fasteners to the blanket cover 
shields \s1th Pro-seal 501 in the location providetl on the tool template. 

.Since the \’elcro fasteners are locatetl maar the edges of the blanket assembly (rigure 
0-2), a normal jiressure force between the bonding surfaces was easily applied using 
"clothspin tjqie" clamps without gross di .sturb:inces of the blanket layers or the iiin 
button assemblies. 'Hie final t.ask was then the painting of the O.O'.jG in (3.5 in) wide 
annular zone on the third bkinket with 3.M-I01C10 Black Velvet Paint. .A jihoto of the 
three thermal paylo.ad simulator blankets is presenteii in I'igtire 2-5. 

0. I BLANKE T IN.S'l AI.l.A'riON 

'Ilie blanket installation w.as conducted as indicateil in .St'ction'ii. 2 and shown in 
I’ignre 0-2. 
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Figure G-8. Thermal PayV al Simulator Blanket Assembly 
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DESIGN AND EABIUCATION OE THE TANK 
MOUNTED MULTILAYER INSULATION 


During this task the tank mounted MLI, shown in Figure S-1 was designed and faliricated. 
This MLI system covers the entire area of the l.a2 m (60 in) test tank, except for the 
main tank door area, llie system is comix>sed of the inner and outer blankets, each 
containing 20 radiation shields. The lalankets are supported from the tank wall using 
the Velcro fasteners desenbed in Section C.2. The design and fabrication of the MLI 
system is in accoixlance with the procedure used for the thermal payload simulator 
system. The primarj’ differences from the payload mounted system are the require- 
ments for forming all comiwnents to fit the spherical tank and installation methods to 
effectively minimize thermal leaks where the blankets join each other. Both items 
are critical to thermal iwrformauce. 

7.1 VENTING CONSIDERATIONS 

During vacuum chamber pumixlowni, the MLI intcrstituil space is rccjuLivd to vent uilo 
the chamber. As th<* MLI interstitial pressure is rethiecd to the i»uit uiurre free 
molecular gas flow venting is predomiiumt (ai)pix)ximately l.iKi x lO'-' kN/m-)(lO“^ 

Tori'), the MLI ventuig becomes geometrically sensitive. That is, MLIventmgof 
each interstiti:il gas molecule occurs .along an unobstiucted line-of-sight jxith. Thus 
the vent path area must be kept open :md unobstnieted, by minimizing the MLI inter- 
stitial vent patli bloekiige lesulting fiombl.anket fasteners, .sup)>orts :mcl /or j)e net rat ions. 

7.2 INNER BLANKET DESIGN 


The inner blanket layup consists of six ] .043 r.ad (GO deg) gore sections and one 0.40G 
cm (IG in) diameter circular bhuiket. The circular blanket is located at the tank pole 
viewing the thermal payload simulator (Figure S-1). The gore seetion.s aix? identical 
preformed as.se " ‘ lies ninning continuously from the access t:u)k iloor area to the 
circular blanket. Three gore blankets .ire locally notched at assembly to clear the tank 
support lugs located at the acces.s door ring. Butt joints are useti between the gore and 
circular sections. All blankets are installed such that physical contact at these butt 
joints is achieved over the entire length of the joint. A schema* ie of the test lank inner 
blanket arrangement is presented in Figure 7-1. The actual dcaign drawuigs of the 
gore section and circ-ul;:- ‘'i...ikcts ;jre shown in Figures 7-2 and 7-.'!, rcsj)ectivcly . 

The ?1LI layu[)s consist of 18 double aluminized, G.3Gx lO"® m (l/l mil) Mylar radiation 
shields and 1!) double silk spacers sandwiched lietween two laminated cover shields. 

Each spacer is comixised of two layers of silk netting, anil the cover shields ai-e 
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Figure 7-1. Test Tank Inner Blanket Arrangement 

laminates consisting of 5.08 x 10~^ m (2 mil) Mylar .and 2.5'1 x ]0”p m (1 mil) aluminum 
foil. Each of the eighteen radiation shields has between .iOO and 500 Angstroms of 
aluminum vapor deposited on each side. 

The blanket layers are interconnected with Zytel 101 Nylon resin button pin studs as 
shown In Figure 7-3. Forty three sets of button pin studs ;md retaining button 
assemblies per gore section are sp.aced at intervals not exceeding 0.203 m {8 in). 

The inner blanket gore sections are attached tc the t.ink wall using 20 Velcro hooks 
per gore, 0.0254 m (1.0 in) wide ;uvd 0.076 m (3.0 in) long. 'I'lu; outer surl;tce of each 
inner blanket gore section has 20 Velcro piles, 0.0254 m (1 in) wide :uu! 0.050S m (2.0 
in) long to which the outer gore blanket will 1x2 attached. The inner circular blanket 
layup and materials .are the same as those descrilx 2 d for the inner blanket gore section. 
The radiation and cover shields are interconnected with in button-pin studs/button 
assemblies. Twelve 0.0254 m (1.0 in) xO. 0.308 m (2.0 in) \ clcix) hook fasteners arc 
used to attach the inner circular bhuiket to the tank. Fight Velcro pile sections of 
the same dimensions are attached to the outer surface of the inner circular blanket 
to fasten the outer circular blanket. (Figure 7-3). 

7.3 OUTER BLANKET DESIGN 

A schematic of the outer blanket a i-rangemeut is i)resentecl in Figure 7-4. The outer 
blanket layup, and materials are the same as those outlined for the imier blankets , 
Section 7.2, except for the addition of cover shield strips applied over the butt joints 
between the gore sections and an annulus cover shield applied over the butt joints 
between the circular blankets and gores. The girth area is coated with ;iM Black 
Velvet p.aint No. 401C10. The butt joints are staggered relative to the inner blanket 
sections (Figure 7-5). The outer circular blanket diameter is 0.305 m (12 in) which 
provides the butt joint offset at the tank outlet cap. The actual designs of the outer 
blanket gore section and the circular blanket are shown in Figures 7-2 and 7-3, 
respectively. 

7.4 BLANKllT ATTACHMENT DESIGN 

The outer blankets are attached to the inner blanket cover shields using Velcro 
fasteners bonded to the cover shields as showai in the schematic Figure 7-5 and 
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— ANNULUS-SHAPED LAMINATED SHIELDS 
OVER CIRCULAR BLANKET BUTT-JOINT 

Figure 7-4. Test Tank Outer Blanket .'.rrangeinent 



ANNULUS-SHAPED 

SHIELD TO BLANKETS 1 



(b) Cross-Section of Butt Joints Between Gore Blankets and Circular Blankets 


Figure 7-'), Butt Joint Sections of Tank Mounted MLI System 
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actual design drawing Figure 7-6. The inner olankets are mounted to the tank 
utilizing Velcro fasteners which are Ixjnded to the tank wall . All butt joints at the 
gore lines are covered with 5.08 x lO"''* m {2 mil) ^[ylal• :uit! 2.54 x 10~’^ m (] mil) ;ilumiiuu.i- 
foil laminated strips attached to tlie blanket cover shields with Velcro fasteners as 
shown in Figure 7-6. The spacing between these farteners provides v'ent paths and 
facilitates installation and removal. For the joints betw'ueii the gores and circular 
blanket, a similar arrangement is used, except that an annulus- shaped shield provides 
a 0.102 m (4 in) overlap at the seam. 

7.5 BLANKET FABIUCATION 

The tank mounted multilayer insulation system was fab.-icated in the Convair clean 
room described in Lection 6.3. The fabrication was com, "ised of six inner and outer 
gore blankets, an inner and outer circular blanket for the tank outlet cap area, the 
laminated strips for the gore butt joints and the aiinular sha|jed shields over the 
circular blanket butt joints. The insulation system was fabricated in accordance with 
the assembly drawing shown in Figure 7-6. Inspection of each part, process, sula- 
assembly and assembly was performed and recorded at each operation as required by 
the drawir.g. 

7-. 5. 1 MANUFAC TURING A lO HKQUIRE MF.NT S. The fal)rication of the MLI system 
for the tank mounted insulation required the manufacturing of the foilowing tooling aids: 

1. Inner gore blanket layup aid. 

2. Outer gore blanket layup aid. 

3. Inner circular blanket layup aid. 

4. Outer circular blanket layup ;iid. 

3. Cover shield vacuum forming tooling aid. 

The design drawing of the inner and outer gore and circular blanket is shown in Figure 
7-7. The inner gore blanket layup, a fiberglass- re in forced blanket shell, was fabricated 
utilizing the surface of the 3.52 m (60 in) test tank. The fabrication process of the gore 
and circular blitnket layup aids is schematically demonstrated in Figure 7-8. The 
surface of the tank was first cleaned and then coated with Dow Chemical Company X-100 . 
wax before applying fiberglass. This section was face coated with Foly-Kesin GILL 
Coat 111. Seven layers of 1534 Fiber Glass Cloth with 204 Poly Resin were added to 
form the first inner gore (Figures 7-3, 7-9 and 7-10). .After a 24 hour cure, a 0.016 
m (0. 625 in) thick layer of wax was applied to the top of the gore to olitai.a the re()re- 
sentative 0.016m(0.C25 in) bl.ajtket thickness (Figure 7-11). The outer shell of the 
inner blanket was then built up over the wax to form the outer shell of the innci- gore 
manufacture aid. After a 24 hour cure, this outer shell wa.s removed and fabrication 
of the outer layup aid was started. Using wax as a spacer turned out to l^e a very time 
consuming ojxiration. In order to reduce the fabrication time, fiberglass covered with 
a thin sheet of Mylar held by a vacuum, was used as a. spacer. In accordance with the 
design drawing show'ii in Figure 7-7, for each inner and outer gore and circular lilanket 
manufacturing aid, one base and one cover plate was required. The base plate extended 
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^ uu u gjQ£ VIEW 

1. Spray Ap'jrox. 1. 57 Rnd 2. Layout 1 Gore Config- Add Release Agent and Lay 
(90-Deg) Section of Taitk uration to Conform With Fiberglass/Epoxy 0, 051 oi O. 07G in 


With Stripablc Protective Loft Dimensions 
Coating^,— 


12.0 or 5.0 in). Reyoi\d Layout 


@ 0.016 m (0.625 in) 

* I \ j , . I ^Fir.FR- 
P GLASS 

032 m (0. 125 in)'^''^’*^ 
SECTION A-A 

4. After Cure, Build Glass up With 
0.00704 m (0.312 in) W;u\ 




5. Layup Second Layer of Fiberglass 
(Approx 0.003 m (0.125 in).. Thick 
Over W:lx 
FIBERGLASS 



SECTION B-B 


TANK 


G. Add Another Layer of Wax and Layup Third Section, 
0.003 m (0. 125 in) thick of Filjci'glas.s/Ejoxy 


TOP 

VIEW 

SHOWS 

PIN 

LOCATORS 



PLYWOOD 


7. Discard Wax. Add Locating Pins. Machine the 8. Use Similar rechniciue to 

Edges of loner and Outer Gore. Reinforce Lower Make Circular Segments 

Section. Sand, Break Edges, etc. Add Holes for 
Locating Button-Pin Stud.s. 

Figure 7-8. Schematic of F.'ibrication Process of Ciore and Circular Blanket Layup Aids 
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Iimcr (.'lorc Bhmkct M;inuf.icturiag Aid - First l.ayi:r of Filx-rglass Cloth on T;uik 



I'ij;uic 7-10. Inner Gore Hlnnkel M;iniif;ieturini>- /'id - Gore l.nvut) With Seven Layers of Fiberglass Cloth on Tank 























approximately O.OTG m (3.0 in) beyond the cover plate to provide sntiicLcnt supjxn't of 
the blanket during the edge-trimming operation. O.OIC m (O.Giio in) diameter holes 
were drilled through baao aid cover plates at all button-pin locations. Figvire 7-12 
shows n photo of the finished manufacturing aids. 


The blmiket cover shields consisting of a laminate of .I. OC x 10" m (2 mil) M 3 ’lar and 
2 . 54 xi 0 “o,i^ (1 niii) aluminum foil were formed with a vacuum tool. This tool was 
faijricated by applying fiberglass shcll.s directly to the tank in a manner similar to that 
used on the gore layup raiuiufacturing (Figures 7-13 and 7-14). Figure 7-15 presents 
a photo of the completed vacuum form tooling aid. 


7.5.2 S^LK NET STRETC H FARMING. The silk net spacer material for each blanki t 
was St retch- formed using the appropriate blanket layup aid. The silk net was first 
moiste 'od with water to provide tlie needed drape characteristics and then draped over 
the manufacturing aid, followed by air drving for a minimum of 72 hours. The sizing 
of the material iDecomes rigid during the drving process, thus the S()accr material 
assumes the contour of the manufacturing aid. Approximately 18 layers of silk net 
were formtxl at the same time, dried on the manufacturing aid and trimmed oversize, 
preparatory to blanket as.sembly. 


7. 0.3 BLANKET C OVER SHI ELD FABRIC.-VriON . The -MLl blanket cover shield 
material, a Slnldiihl GT-T55 staiuiard laminate material, was vacuum stretch formed 
using the vacuum form tooling aiu, (Section 7.5.1). This material is composed of 2 
mil Mylar Type .-X and 1 mil 1145-0 alloy aluminum foil, Ixinded together with a thermo- 
setting ixjlj'cster adhesive. The emissivity of tlie m:iterixd as received was measured 
to be 0.0213 at a temperature of 300K (540”B) ;uid a wavelength of 9.65 x 10"^' (9.G5p). 
K was necessary to f.abricate fourteen (14) cover shields with tlie aluminum jurface and 
fourteen (l‘1)with the Mylar surtxico locxitcil on the outside of the curv.-iture to meet the 
design retjuirement (figure 7-2) th;it the aluminum (Xirtion of e:ich cover shield must 
face toward the outside of each assembled hlaicket. 


Five cover shields with the aluminum surface on the outside of the shield curvature 
were vacuum stretch formed with good results. .\U shields wen.- of high qualify. 

The manufacturing procedure that had bei,-n used to make tlie co\ er shields was as 
follows: (1) pull partial vacuum to hold the shield materixil in pLice in the tooling aid. 

(2) lu-at in oven to •150K (810"K)-liold lor ruiuili.s, p'l) null lull \:ieuuin, (.l)ren)ove from 
oven, cool to room temperature, (5) remove vacuuiu. The stn trdi forming of co\ i. r- 
shields No. G, 7 and 3, however, was not successful. The shields bec:ime ]xjrous 
using the same manufacturing methods. It was observed Unit the defective cover 
shiidds were produced after a splice of the roll of the stock material. The problem 
was investigated by Convair's Material atul Broci-ss Department. 

Tin.' objectiv e's of the investiagion were; (H to ditermiiie the e:aise of crocking anti 
tearing during forming of lamiaated Mylar/;duminum foil obtained from the spliced 
eirt of tile supply roll, and (2) recommend corrective action. . 


7- 1.1 




P,icp 

Of fooi, QUAmf 


1 I 
















Samples of laminated 
Mylar/aliiminum foil from 
the start of the roll and 
from the spliced end were 
examined. The aluminum 
was removed from samples 
of each material type :uid 
measured to see if differ- 
ences existed in the relative 
thickjiesses of the Mylar 
and aluminum foil. The two 
materials were examined 
metallograi)hically along 
with material from a vacuum 
formed gore segment con- 
taining many minute cracks 
and tears. In addition, 
tensile coupons were cut 


from material from the 


start of the roll ;md the 


Figure 7-1."). Vacuum Form Tooling Aid for Cover Shield spliced end. Three 
Manufacturing specimens each were 

tested to failure and one 


six?cimcn of each was strained to 14% total elongation (10% )>ermanent set) and relaxed. 
The tensile specimens were examined at 7>r, 20>', and ;;0x to determine any differences in 
strain behavior. No differences existed in the relative thickness of the Mylar and 
aluminum between the two materials. The results of the tensile tests are shown below: 


Breaking 

Strength 

Thickne.s.s (Ijo:xc1 in kN/m 




Mvl ;i r 

.•Mil mij 

nunr 

(Ib/in) of 

width) 

Elongation 


S)xec No. 

ni 

in 

m 

[n 

kN/m 

Ib/in 

% in 0. 051 m 

Material from 

A1 

O.OOOOG3 

0.002.G 

0.000033 

i,i . 0013 

7.94 

4.9.4 

22.5 

start of roll 


O.OOOOGl 

0. 0024 

0.000033 

0. 0013 

7.84 

44. G 

17.0 


A3 

O.OOOOGl 

0. 0024 

0.00003G 

0. 0014 

8.90 

51.0 

41. 0 

Materiel from 

Ul 

. O.OOOOGl 

0. 0024 

0.000033 

0. 0013 

8.04 

45. S 

G:5. 0 

sixliced end of 

132 

0. OOOOGl 

0. 0024 

0.000033 

0. 0013 

7. 84 

44.8 

10.0^ 

roll 

153 

0.00005.S 

0.0023 

0.00003S 

O.OOlG 

7.74 

44.4 

60. 0 


"Specimen B2 failed Ijy tearing which started at ;in edge of tlie retluced section. The, 
relatively low elong;ition is attributed to the te;iring which may have Ix'on c;iused Ixy a 
notch effect on the edge. 
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The results of tests showed that the breaking strength of l)oth materials was ecjuiv aleei . 
The high elongation of material from the spliced end of the roll indicated that material, 
elongation was not.the problem and suggested that the forming temperature for the 11 . 
material should not lx; higher than that used for the A material to ntake good parts. 

The siteeimens strained to 10')o permanent set showed no tlifference in material tc.xlurc. 
tixaminatioms at lOO.-'and -jnOxof cross sections of the material did not reveal any 
differences. However, the specimen from the v.icuum fornied .segment indicated that 
the polyester adhesive had softened considerably . Thi.s also .suggested lower forming 
temperatures. 

Vacuum forming tlie Huuuuitcd iUylar/aluminum part at room temjierature prior to 
expositig it to heat Is desiraJj'.e wliereas heating It first would soften liic adhesive 
!ind allow slippage to take place between the Mylar anti alumiiirtm. The unsupixnted 
alumioira is voilnerable to tearing. To eonserve material, forming te.sts were con- 
ducted on a smaller "Libeily Bell'' vaci'.um form die. Three forming tests were 
coixlucted as follows: (1) \'aeuum form. - ;it ambient temperature, then heat to :;h4K 
(710R) (2) heat to 2S4K (71011), then v.-icuum form ;it tliis ‘entperature, (o’) vacuum 
form at ambient temperature, then heat to ■'17.‘>K (S60R). 


Tests 2 and 3 resulted In tears and cracks in an area of the die with high material 
elongation. It is felt that te.st 3 residted in crack.s after exposure to the 47SK (S60R) 
temper:ilure lx;cause of residual stresses in the material. The sti'e.sses c;iused rela- 
tive movement between the Mylar :ind ;duminum when the adliesive was .softened at 
the high temperature. Test 1 re.sidted in a good part without crack.s. Gore segment.s 
were then form cd with the .same procedure. 


Based on the tests, the following .oec(ue/x;e was recommeiuled to the shop: (1) after 
setting the scaling clamp on the laminated materia! push the. material into the center 
of the die. This will prevent excessive stretc-hing of the material as it i.= formed. , 
Allow the material to wrinkle at the edge.s, (2) ix:ll full vacuum, (3) put into o\ en 
set :it 304K (710R)-holcl 8 mmutes toUd time, (4) remove from, oven :mfl let cooi to 
room tempt; ratutx', (5) release v:icuuin. 


7., 5. I BLANKET LAI' U P AND ASS GMBIA’. The bdmiket layup and assembly OiX,'r ;ition 
consi.sted of joining the prefabricated components into the required multilayer layup of 
cover shiekbs, lauliation .sliields and silk net si)acer.s. Fir.st, Hie inner gore blanket was 
hiid up onto the base plate of the blanket fooling nuinul'acluring aid (Figure Ix-gin- 

ning with the inner cover shield, followed by alternate hivers of l.S r;Kli;uion .shields and 
1!) double silk net spacer.s, and the outer cover .shield. The i-adiatiou shields were cut 
to rough si/.e with electric seis.sors and then ple;ited to sluqie on the base plate. The 
pleats w'erc held in phicc with aluminix.etl .Mylar pi'ossure sensiti'. e atlliosi . e ia|>e.. 

This was ;t ni.tiuial o[ier;itioii which employed a (wo-tined fol k to form tlie oivais. The 
hiyu[) ijroccfiure i.s sliown in Steixs l, 2 ar.il .; of Figuie 7-17. !'o i-eep the l.itc rs 
cori'ectly positioned, mtisking l:ipe wms used .is re(.|uired to ta.-^iva the l:i\i r.< to tliv 
m:inutacUirina aid duiing l.i\ up. The (.ape w.as tasle:'iCd outside tl'.e form line, .aid 
di.sc:irded a.-; the blanket edgv.s were iiimmeil. 
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ri\liirc‘. I‘;istoi\ to Kdpt'ol Aiil Willi Scissors 

^^:l^ki!l'^ Taiic- III Aiiiu'os. 

O.lird m (10 i*i) Spaces 

IIVJ'ODKHMIC Nl.KDl.K POINT 
I SKli TO I'OKM llOLKS AM) 
INSKItr r.TTTON I’lNS 7 ^ 


:o Place Mylar on Fixture. 
'I‘ai)e Kiid.s \Miile l.ifilitK- 
Drawiii" Up .Mylar to Itemave 
Wriiiklcs. Pleate and Tai>e 
With .Muniitii/ecl Tape 


OUTKK T1UM/I)HII,L SHFLL 



■I. Ilei>eat I'^ach Oi>eraiion 
I'lilil l:aitire lUa.-'ikct is 
Laid Up. .Add .Spacers. 
I'iii Cc’'.*<j r Uividi-r in 
Place. Ui'peal J.ayup 
.A.s.sembly to Fori.i Outer 
lllaiikel 


.'i. .-\dri Holes G. He move Outer .Shell. .Adil ikuioas C.'ae at a 
For Hutton- Time on Outer Ml.nnkct. Swii^re With Tool Held 
in Solderina Itoii. Hoad N’elcro Fa.steners in 
Place From Ix>eators on Coaiei’ Oividei'. 
llemove Outer Hlankel anil .Add Pins to Inner 
Hlankel. .Note: J..t.'^t (lithi Frfjre HLinkets Will 
.Not be rrimineil Until l ir.^t .A Have Been 


Pins. Trim 
Blanket 



Blankets. Check Gap. ’I rim Blanket l<.) Size. 
Cqmix.‘iisate in C.ise of IJi.-erepancy. 


t' i I'cul a r Plan ket . 


1 ‘in u rfk 7 - 1 ' 


lU'inL'Ot ( rumo I 


Next, :ill layors wviv c-(Vt:rc‘il with ilw I'cmalt- ••(.ivt.-r (ilatc ni iIil- lilankft nKiaiifaiiui'iaj; 
aid (Step-t). The tc'malc cover plate wasoscil as Initli a hole lem[)iaii- .mil, in toinlniri- 
lion with the m:ile base plate as a ;;niiJe for t ri ininin;' tin- ijlankel |>eri|i!H.-ry . '1 'Ik- lilaiikci 

samlwiefi was |)iereod for the luiUoti pi:is, heiton pins were installed anil the blanket was 
trimmed to si/e (Step a). The l.nittons were ailded one at a time, 'riu" pin wa.s .--wajied 
with a soldering iron (Steii b). Finally, the Velcro I'astenei's were Ixinded to the I'over 
shields with l*ro-Seal aOl adliesive. Twenty tour hours of eiirinn time weie ailowi-d 
for the room temixi ratorc- eurin;; eyele. /Vll tliese ojieration.-i wi-re rein ali’d on the 
inner and outer gore and circular blanket manufacturing aids until all blankets were 
fabricated. .-Ml gore blankets were trimmed net si/.e except one each ol the iniu-i- ami 
outer goiX! blankets. These were tailoix-d as reipiireal to lit the tank, dui'ing the linal 
installation operation. 

7.(i nL.VNKliT INST.ALLATION 

The inner blankets of the customizeil .MLI system were preliminarily attached to the 
tank (Figure at the clean room assendjly area, using "Ig white polyester Velcro 

fasteners m.anufactured by .American Velcro Coinpany. i'he si.-'.cs and location of the 
fasteners aix? indicated in the detailed design, shown in Figures .i-g and Hefore 

in.sl:illation of the Velcro fasteners, the tank surface was eleaned with MF.K (methyl, 
ethyl, ketone). A template wtuj used to locate tlic \ elcro losilions. .\ prime coal of 
I’lydbond 4001, /4004 was applied to tlicse po.siiioas and w:i.s allowed to cure for 2i hour.s. 
The pile section of each fastener was Ixtiuled to the tank wall wiili ldyolx>iul anti wa.s 
lield in place with ma.sking Uipe for g-1 hours during the room it.-mperaiure curing period. 
\'elcro hooks, 0. 02a 1 m (1 in) ■< U. O.'O^ m tg in), were botu!'. •! onto l!ii; outer bhtnla.l .s;i rl ;;ee 
U) ntalch the \ elcixi piles on the tank and the outer bhuikel .sutiaces. The hooks were 
bonded with I’tx) Seal 501 tidlieSite and also cured for 21 hours at room temperature. 

The use of local patch type fasteners rather than continuous strips provified venting 
paths and aided in the alignment of die blanket sections ;it insUdlation, Opimsite 
each ftisteiier, located .at the nguiliole acces.s door, the outer co\ er .shield of etieh 
gore blanket wiis att;iched to the Lank door ring using .Mylar tape strips as sliown in 
Figure 3-d. This arrangement provided supjioit lor the blankets. 

The iiuier blanket installation startcil with the eenie ring and atlachmcni of the circular 
blanket to the |)ole region of.tlie tank by engaging the fa.-;iencrs. A gore Id.iiikct v.a.s 
ncNl i>ositioiied with one end bmte<i firmly to the eireular hl.inUet and ilu- fasiener.s 
engaged. The blanket w.is tlien liglilly rolled onto the tank wliile eiigap.ing the 
fasieners near the gore lines and at the end near the tank dour. 'I'ho alxive icchnitpie 
was repeated for the remaining gore .sections wliile eareful!\- aligning the bull ;uint.'. 
Figure 7-i;i is a photo whicli show.s the tank partiallx' in.sulated and the iiiouiiling of 
. the inner bl.iiiket X'elcro fasteiier.<. 

j' ^ 

Standard proeeiiure at Conv.iir is totriiii the final gore bl.inki-t.s at a.s.scmlily . .\l this 

time, if there are anv tliscrei>ancie.s, the fin.d gore blanket will ixi altered to cui.-^uix- 
th.'it tliei'e ;ire no gaps or oveH;r*.s ,ii the seams. \'er\' iilth' alteraiion w.is required 



















on tho iilh .iiul lin.il imu.T jiuro. The outer lilaiikrts were then over ilu.- inner, 

l)iit it was (leeiilcii to trim the lith and final outer liianket at tiu- test site. .-Uter iittintt, 
the l)l;mkets were remov'ed I'rom Iht' tank, sloretl in se.iled |ila.stie li.i^^s eontainiii}; 
(ies.sicaiU, and |)ur}xed with lit y nitrogen. 

Although the blankets were assembled in a clean room h:.ving an average humidity of 
it was decided to place the blankets in a heated vacuum chamlx;r and outga.ssed at 
a tem|)erature of ;i.‘i!)K (CiOll) before the blankets were altaeheil to the tank. This 
extra precaution was taken in the event that ;uiy moisture remained in the silk net. 

.After removal from the vacuum ch;imbt;r, the blankets were re-bagged and moved to 
Sycamore Canyon Test Site. 

.At final ;issembly,it wa.s discovered tliat the bl;mlcet.s hail shrunk approximately 0.0032 m 
(0. 12.a in) iit wiiitli. Since the fin.il iimer blanket had already been trimmed, it wa.s 
necessarj' to take corrective action. The possibility of stretching the blankets tightly 
over the Velcro fasteners and tdlowing gap.s approximately O.OOOS iti fO.n;! in) wide to 
exist wa.s discarded as thermodynamical ly undesirable. Tht; problem wa.s corrected 
by siJlicing sections of aluminized Mylar anil silk net with aluminized tape onto one 
of the existing gores. The gore was retrimmed so the gap would be closed. 

The inner c ircular blanket was completely rebuilt and wa.s custom fitted. .Although 
these icchr.ique.s were time eon.suming, com|)letc closure of the .seams was attained 
without creating thermodynamic shorts caused by having excessive tension on the 
gores. 

Strips of O.OlDO m (0. 7.a in) wide and 0. 0.’JS m {l..=3 in) long aluminunt Mylar tape were 
placed horizontally on approximately 0. 1.52-1 m (G in) center.s on ;J1 of the seams to 
further minimize gaps and to provide additional strength. Final assembly of the inner 
gores is presented in Figu i-e 7 -20. 

Installation of the outer gore blankets wa.s the same as that outlined for the inner 
blankets exce|)t foi' the addition of the butt ioinl shields, paiining at the girth zone, 
and the angular orientation to assure ;ui off.set Ixitween the inner and outer butt joint.s. 
Three goi'C blankets were locally notched to clear the tank siipixul lugs. 

Since the final outer gore wa.s not pre-trimmed, it was (os-sible to trim this gore to 
obtain complete closure (Figure 7-21). 

The vertical seams were covered with vacuum formeil 0.inir> m (■! in) wide strips of 
laminated .sheet material 0,0000a] m (0.002 in ) Mylar !)ondcd to 0. 000027) ni (0.00] iti) 
aluminum j. The strips were held in three places with Vclei-o fasienei's. .A similar 
.innulus strip was placed over the circular gap and was continuously ailhc.si\ely l.mndod 
to the outer gi>rc blankets on the forward side only. Both the inner and outer blaiikets 
weia- taiK-*d to the accc.ss dooi' ring at the forward section. I'inal .-issemldy of thi' outer 
t)l;uikcts is shmni on Figure 7-22. Fuially, tiller completion of Uie MU LnsUdlation, ;i 
;:.M-'i0 I -C 10 \ cl vet eotiting was apjiliwl tus .shown in Figure 7-4. 
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Figure T-JO. Imier Core lUaiikcl A.s-sembly 
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TKST FACIl.l riKS 


/Ml .sy.stom U-sl.s \vore conduclcd at the Convair LitjuUi llyclix>|;uii TlsI Ctmtor SLtc "Jt” 
thermal v:icuum f:icULty. ’llus site lies on a 2'100-aciv paieel ol lajul located 19.. x 
10"’ m (12 mUes) noitli ol tlie Kearnj' iMe.sa plant, aiijiroximately ."2.2 x 10^’ m (20 miles) 
noilh ol dowQitowm Saji Diei;o. Tlie site te.st comidex ha.s tJie capidnlity of testing; a wide 
variety of aerosp;u:e .systems, com|x)nents, .and m;iteri;ds iisin^ lic(iiid l)ydi'ogen or lirjuid 
nitiojjen as a workLij? Ouid, thus pioviduig a complete testuig cm ironment. 

8. 1 VACriLM CliA.MOKU 


The test chamber (Fitrures S-i ;md S-2) w.as a .'i. r.ii m (FM in) diameter by '1.9 m(192 ir.) 
water jacUeled vacuum eliami)er and w;ls serviced by a n.'^ld m (.‘12 in) oil dlffu.sion 
pump, a l..\.r <"<ild tr.ap, and backed by two 11.2 »n-’/t>iin i.lOO fr’/mint l\inne\' mecli.in- 
ieal vacuum pump.-!. Controls for. these pum|Vs, aloni^ with all fluid system controls 
.and (he data acpui.sition ccjuipmenl, were loc.ati-d in a .blockhouse ;i|;j<ro\ima,tt-lv 2-i m 
(900 in) fiom the test p:ul. 
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TF.8T TANK PUKHSCKi; CON TROL SVS TF.M 


The i)ressure I'ontrol systetH--sho\\ai in Fitcures S-.'l throuali S-8 was iisi-il i.!uring tt.-stin^' 
to camtrol the ullaye pressure in the liquid liydroacn test tank, i lie system vas 
desi<aicil to maintain tlic lest tank pressure within ; 1.2S .N/m- (0.0002 psi) of tlu.' set 
point. The .MK.8 Marat run, differential capacitmicc m;uv>meier, .Modi-1 l l.n .-Ml- 1 i- 1 
mm lift tliff. 1 was utilized to sense vety small positive or ncit:itivc pre.ssure \'ariations 
in the test lank relati\e to a constmil reference pressure of a fi.xed vclume of gas, 
mainlainetl at a consttmi tcmpertilure. The clectricuil output of the Maratron system 
was fe<l to tlu- pressure controller, l);thl Mode! CtiOlB, which aiiuales the Mainmel- 
Dahl vent valves Model ,\ I0.\ located in the test lank viail line. Fitture S-9 is a 
ranilomly selected lb minute seitmi’nl of the test lank I'trcssurc rocordinit. .A brief 
description of the mttjor components is itivcn in the followin;a |);iraftr;iphs. 


S. 2. 1 CA PACFI'ANCK .MAM )M KII.R .MK.S MARA TRON N(i. Mb All- 1, ; I mm He, 

1)1 1'l' l.'R KN'TI.M. - The .MK.S Maratron Type 1 lb.-\ c.ijtacit.utce manonicter he;td is a 
tensioned diaphravtm pressure ”.au; 2 c wiili the bridue circuit and preamplifier inside 
till" (liaphrattm case. The hmul was mountcil inside a tempL'ratu re c'ont rolled ch:unber 
;md atltiched to a .b-lb-l k*; (12000 lb) mass block to idiminate \- ibration.s. The MKS 
Marat ion Hetid mountin;; is .shown in l-'ittu 'e ^-G. 

•S.2.2 SIC.N.M. C( tNOITK >N'KR, MKS MODFI. 17 0 .M-7,\ - This (.'Iccl ronic unit pro\ ide<l 
e.xcittilion to iht; Head. :md converted the lletni <>utput to ;i proportion.al DC <.)Ui|nit of 
i 10 \1)C full settle. 
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FiRure 8-2. Test Facility, North View 
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Figure 8^4. MKS Baratron Head Mounting and Reference Pressure Container 






Figure 3-5. Test Tank Pressure Control System 






MKS llar;ii roil C'apaclt.mcr M;uiomt;lc!r Head Mounting: 





Fit^ure 8-7. Hcfcrcncc Prca.surt- Volume and lee B.ith 
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I'ij^irc! 8-'.). 'IV'st 'I'aiik till, ■!(;(; Pri-ssurc Vitsus rinio 







8. 2.:$ l*in:ssi:i{|-: 1NI>K:,\T<>U, MKS M0I)I:I. ITOM-'Ji.A - riiis mUl was a 0 . 1:5 m 
(fi in) precision mirror scalt- mclcr rcailoiil unit, laililwaUil directly in iiii'ssurc uniis. 
It had :i ccnlcr-'/.ciX) meter for reading Itolh positive ;uid lu'i^ativi.' pressuri’S. 

8. 2. i llAl.AKCK n iGlTAl. or rSK r MKS M( tHK l. 170 M- JO - Tliis unit provi<led for 
settinii tlie manunu'ter hea<l output null point anywhere within i 1 mm lirioftlie 
reference pressure. 

3.2.0 CttN'moi.I.KU, DA III - MODKi. C-<i01 It - 'Hie C-iiOlIl is a tliree mode ;malnu 
controller whielt permits full time automatic eoittrol. It acci-pts all stmidard trans- 
mitter ;md remote set-pi>int sii;uals. 

3.2.(i HAMM Kl.-DAm. VAIAM-: CV 0.001, MODKL NO. A IOa/VS lo/noi: I2/1MSC:8 - 
'I'liis was a :nii stainless steel, spline trim, ;.^lo!)e valve with an air to open aetuati>r, 
m:uiual open limit stop, plain iKinnet, tenon paekint;, ;uid a micro posiiioiier. 

s. 2. 7 nAM.M i.i.-nAni. \ akvi:, cv o . o i, modki. xq. .viitA/ysioMtc^ - 

Same as Spec. N'o. 3. 2. C. 

8.2,8 liKFKKKNCK I’RKSStdiK a tNTAlNKJl ICK MA 'JII - ihe rede fence pressure 
volume ice hath (Fi.uuros 8-1 and S-7) consisted of a 0.1a in (0 in) diametei-, O.llOo n; . 
(12 in) lonv stainless stoe,. vt^ssel containini: hydro;;en ”as. This vessel was mounted 
within tlie inntir vacuunt jacketed riewar, 0.2i>4 m (10 in) dianu.der :md 0.;1.77 ni (IS in) 
ileep. Thi.s assembly was eontamed within .ui outer dewar, 0. 7G2 m (.'50 in) diameter 
;uid 0. 772 m (iSO in) di?cp. Both dew.irs were filleil with ice, covered with 0. ldni(-1 i.n) 
thick foam lids and etpiipped with tube’s to .sijjlKjn w.iii’i- away. The I'eference pressin-e 
vessel was connected with the Baratron Head b\- a 0.00:i2 m (0.125 in) dianiiler, 0. OOOS 
m (0. 0o2 in) wall, 2.44 m (OG in) lone' stainless steel tiilx,’. The outer devvar S!|)iuin 
tuhi' was designed to kec|> the water level below the bottom of the inner dewar, imil tlie 
imter dewar sijihon tube was desi«;ned to kcej) tlu; water level below the bottom of the 
reference pressure vessel. The outer dewar held a))))ro.\imatel\- 132 kti ( iDO lb) of 
ici- aitd ref|Ui red ;ui additional 4.5 to ‘iS k; 4 ' (liii> to 150 lb) of ice evei-\- to 1 oays. The 
inner dewar held aii|>roximately 0.!) kj; (2 lb) of distilled water ice and required ;ui 
additional 0. 01) k *4 (0.2 lb) every :i to I weeks. - 

S.;i C.FAB!) 1 ANK I’HF.SSL'm; CON THOl. 

The NBS baiosttit device was used to control the pri-ssitre of tht; ynard tank duriiej. tlu- 
null .and thermal tests, 'ihe N'BS barostat was diwidoped b\ tlie National Bureau of 
.stiuidards (NBS), Washington, to maintain constant tank bael-. pressuii' with smtill 
variations in vent ^as Row rate. riie barostat was used suecessfnlli’ at NASA.MSFC 
and at Com air on a 2. 21 m (37 in) diameter lest tiuik thermal test lunyram (Kef. 3- 1). 
Convair's e.\pe rienci’ in calibration of tlie unit iiulicates that with an o. 00254 ni (O.t inj 
diameter oi’ifiee, pri'ssure control was maintained o\er a band of • Fi. 8 N tn- ( 0.002 

psi) provideil the flow rate iloes not clurnve more than ■■ o.oOdodi m-’’/sec (: 0. 2 scfnii. 
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TIk! initial prodictial i^uanl lank boilnff rale was a{>).)roxiniali-ly (t. 0) ) in'VsEC (dO serin), 
lU'cause of lliis, the Uarostai was s«-i up with a larger 0. Ol.’j m (O.'i in) diamcler oril'ice. 

rit;\ire 8-3 is a .scltc-malic of the ,\HS baroslal. I lie basic ))i inciple ul oi>eiaiiun ol' the 
unit is liahuice between tlie jiressure in the lower cavity and weights suspended from 
this bellows assembly. In order to reach equilibritun , the liellows resjiond to Ihi; 
pressure, from the l:mk and open or close the orifice by moving the ball ;uid phuiuer 
assembly. I his plun^i'i' is sprini; loaded to prevent d;mia^e to the lapped orifice 
seat wlu n the unit closes. The tunouni of weitth'. placed on the weight platform 
determines the pressure at which the unit will control. The upper bellows section is 
evacuated to provide a eonst:mt pressure reference for llie eontrollini> liellows that is 
not affected by cluutftes in atmospheric pressure. 

During' the null test, the <;uard tank lioiloff was found to \ ary from a hii^li of urcaler 
th;ui 0. (1017 nr*, ''see (10 scfm) Immediately after fillin'^ to a low of less th;ui 0. 00i>:^ l 
m'’/scc (0. f) scfm) after the temperature had stalnli/.eii (aiiprox. I'J hours). .\fti;r 
temperature stabilization there still remaineii a laiTc tlav to ni);ht to tlay variation 
in the Itoiloff, This resulted in the tteed for eonslant adjustments C)f the llarostat control 
weights to maititain the n-quired narrow mi a rd t;uik (tressure b:uui. Hefore the start of 
tlu; customized MI.l tests, the Baroslat was replaced witli a pressure t rtinsducer 'closed 
loop controlK'r/now control vtilve system. 

In tliis system a Statham .Model 31.5 IsN/ m- (5 psid) pressure triuisduccr. was 

used tii sense the i;vai'‘l t:mk uilam* pre.ssure relative to the test tank ullam' pressure. 
The output of the ttainsdueer w;ls fed into a I'o.sboro .Model .51(13 elosi’d loop controller 
with vjiritible r;ite ;uul reset. The pioeess control signal from the controller was then 
used to position an Annen Domotor valve with a d.ni.’i m (0.5 in) proiioittonal |ilue. 
K.xcept for the first few mimifes .ifi<.T filling;, Ihis svstem maintained the proper 
tank pri'ssurc without the need of consttmt adjustment. 

s. ) Fid'll) ,S5S I'i:.M 

Finiti'e 8-in is .an o\ errtll schem.alic of the Huid svstenis retjuired for the iherm.'il tc'si. 

The st sUmts for llu' m'.'ifd lank, p.iyload simulator, cfvoshroud, .and b.'tffU's uere fabri- 
cated and le.'ik cheeked tx-fore lest tank insltdialion. Wehlinu .'uid siher braziiif^ weia- 
used as the princi(ctl me.tns of Joininj^ parts of the svstem. .All the .alumimim to st.ain- 
less stead 1 r;;jisil ions were m:id»; u.sinfj double seal L'ltnost.-.al flamtes with tlie inter.seal 
ea\ ity N'aeuui'n jiur.ijicd to less Unui 3.33 N/m- (0,01 ton). .After a.s.semldy .and in.sl;i3- 
lal ion of the 1,’,'st lank -a complete section liv section leak cheek was iierfo rnied. 

To assure adetpi.ale performiutcc of the \acuum system during the te.siitii; jiha.se, a loiul 
systems leaf; elteck.was ))erfoianed. .Several leal;s were Ibuml anil re))aired after aldeh 
no leakaiic eoubl lie measured by the mass sjieei rometer le.ik detector. 
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I'M^^urc 3-10. SchL-matic of Test .Apparatus and Fluid System 





'llie nil liiu' Ini' llm lt!St lank extcndcil to llu- bollom ol' (lie lank |niina ril\' as a sal'-lv 
nu!asurc!i Siiu-c ihc I'ill lino was <iuarclo(l at l.ll-j tomiioraima-, i!u,-iv '.vas no lu-oil lo 
tcrminalo tlio lino in the ullage spaoo. In ;m onu‘i;^oiu;\-, tlio lanlt ooulil l>av<- 1 )ci'm 
omiiliod lliroii^li tho fill lino by pressiiri/.iiiif tho l;mk, opoidiitf tin' fill \al\o, and 
fortdn<t Iho li(|iiid back into llio silo storan'o t;mk. 'riit.' fill \alvo was looaicd iinim-di- 
atoly milsido llii' idiainbor wall. Tliis valvo was a pi'opoi i ionallv ooni rolU'd ^lobc 
valvi; ponnillini;' nioloriiVif of the l.ll_> supply iliirinp: fillit^f; oporations. 

The vent lino lorminalodal thobuik tioor. This linewas also ^t\iardo«l ami ponoU'atod the 
chamber wall at ;i Iceol just above the cryoshroud. The primary tank vent valve iIkiI 
w;is used durin-' filling ;uul initial chilldown was also a pro|)ortionall v oont rol lisl valve. 
After the filliiijjtransienls disappeared .iiid tho test lank boiloff hati ilropped to b ss than 
0.00<;172 nv*''sec (1.0 sofm), the larjti- primarv vi-ni valve was isolated from tho vent 
line and vent Stases wore passed throutth the test tank pri'ssure eontrol system (S. 21 . 

The majority of tliu components s)v>\\,ti in l-’if^nia- S-10 were romotelv operab/d from ihc 
blockhouse. .A a. 7 iiv* (laOO tjall l.lla supply t;mk was maintained at an approsiniate 
pressure of 11.1 k.\ in- (<> psie) all the time bv a pnenmalie pressuia; eoni roller ami 
vent valve. When empty, the supply ttuik was filled wii’n litpiid hydrogen ihrotiith tin. i.n 
make-up vttlve from the 1!). 2 nr’ (b'l.OOO e;il) site LHo siorane t;mk or from the :b 7 S m- 
^lOOOyjal) catch t;uik throitsih the l.lk^ recovery valve. The fill rate was limited to 
prevent pressure surites in the t;uik. The catch t:uik was vented to the aimo - ->iere. 
while acting; as a liquid vapor septirator for the eryoshroiul, baflles ;utd TP.S vtniis. 
Wlien full, it was i.solated from the cryosliroud, btifflcs and 'IdhS vents, pressuri xed 
to ap'pro.xiniately 172. 5 k.V/m- (25 p.siji), and ilrtuned into tiu.* supply t;uik. 

In nonnal opimation the system was able to run for a minimum of 15 hours ljefur>.- 
the su|i])ly l;mk needed to be filled or for 5 hours l)C,fore the caileh tank needed to In- 
emvitied. Transfer from the catch to .su)>])ly liuik look less th;ui 15 minutes, i here- 
fore, the vents were " recoveretl" aljoui-Pri'V of the lime, flow throuLtlt '.lie ei yosiiiout,!. 
litifile, ;md the I'l’.S iwhen re()uired by the jtroceclure) was continuous, \ eiit tlow was 
normally ihrouuh the vciU shutoff valves into the catch lank. lJurinu' l.!Iv fillinj^ aii'i 
transfer operations the vent shutoff vah'es were closed anti the \ out flow dumped i<> 
atmosphere throuuli the vent Itypass valves. 

The truarti t;uik, once it was cold ;md llie temperature sta!;ilized, needed refilling only 
onee cverv five days. The jm^i'd t:uik \cnt bypass w.-is used onlv durinu filliii”. .\! 
Ollier times the .>;uar<l tank venlinti was controlled by ilu- uuurd lank iiressure eontrol. 
The selieneuie in fi‘iure S-10 shows that each Uuilt and-line seiuuent was pr,secied l)v 
a relief valve and that no liquid or cold gas eoidd lie trapped in an nn;iiot, ctid c.r. jty. 

Most (if tlie \alves which were ojicraied froni the Ijlockho.use retiuired nianijuilatioii 
during test operatiiMis. Since the I.H 2 Supjily r.(>i!< pressure; w.is cotisuuu ihrouuhou; 
the lest, manual siojis on the l.ll^ supjily vrdves were ini.ially adjusled to pi-ovide ti.e 
approjiriate l.lfj fleiw to each seigmeiu of the svsic'in and re-maiiu i! set (iurinu lest 
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operations. I'latimim rfsist:mcf thi'niiomolors aiul liuTnioomiples instalU il on all 
surfaces were nionilorcd diirini; test operations an<l iiseil to nu-asure ajul control 
system perform;uicc. ■ 

f'\r> TIi.ST r.\NK IIKATKK 

An electrical heater (I'ii^ures S-11 ;uul S-12) was used to simulate payload thermal 
input to the. test t.ank during the null test. The heatei' was desigiual to provide a 
nuLNimum heat How of one watt into the tank. In order to provitle a large enough area 
to eliminate nucleate boiling on the heater surface, the heater was fabricated from 
Nii’hrom Uiblion 1.104 m (47 in)loiig, 0.00000 m (0.002 in) thick l>y 0.00217 r,i (0.12.0 
in) wide. Tlu,‘ ribbon was mounted on two pieces of tc'nninal Iniard as shown in Fig\ire 
S-11. 'I'he ribbon w.as <livided into eight segrnenis and coniieeted in a jiarallel/series 
circuit with a total resistance of appro.viniatcdy one (.ilim. 

The terminal board w.-is mounted to tlu' lower end of the instrumentation tret- as showi. 
in Figure 8-12. The ti-:msilion from healer ribbon to a minimum Ki-gauge power lead 
was made at the bottom of the- tank. 


•S-ir, 








9 

TEST INSTRUMEN'J \TION 
9.1 INSTRUMENTATION ME KIN rnOX 

Instrumentation selection for the full scale test specimen veas based upon measurement 
of the independent and dependent variables required for dcmonsti ation of system over- 
all thermal performance, system efficiency, and system component operation, inde- 
pendent variables includi-ci hydrotven liquid level, chamber p reassure and ullane pres- 
sure, Dependent variables included temperature ilistribution. Ml. I thermal gradients 
and L1I.> boiloff rate. The instrumentation tree platinui.t resistors v^^thin the tank per- 
mitted Llk> level as well as temperature measurement. CliroaH.d/Constantan thermo 
couples were used for .all other temperature measurements. Chamber and shroud 
pi-essuro measurements were ma<i(! uith hot filament ion ;j;ages fHayard-.Xlpei’t) in 
their respective nmgo.s. I.iquid hydropen boiloff flow rates were measured with I SI 
hot-film anemometers anti a water <lisplacement apparatus, i’ressures other than the 
t(,'st tank pressure were measured with Statham Strain papt.‘ tr.an.-.ducers. Test speei- 
ment instrumentation locations are presentml in Kipnres P-l throuph ‘J-h. Tal)le !•-■ 
suniinarizcs measurement <lescription .and location (Udinition. 


OUAiO TAr-.K 

ATTACll.*.a;NT 

rlTTl.NC 



stk- ts 


TC. CH/co.. REF ro n-r.r. iuisistoh 

PLATINUM RESI.STOR (TEMP.) 


Figure 9-1. C.uard Tank, support, Fill l.ine and \ cnt l.ine Insmmienialion 
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• CHR./CON-TC OS TASK Kl.K; 
TO PLAT. RKSISTOR AT Bo rm.M 
OF TEST TA.'.K. TCS OS NU.I 
RKF. TO oliTSlUE I..S, 

■ PLAT isi::.; ui.sis'foH (Prj 


Figure 9-2. Test Tank and MLI Instruinentation 



FiTu. ve Shroud Thennocouple Locaiion 





I'ifiClirt' !)-l. H.'ifno 'I’licnnocouplc Location ■ Fipirc I'-c. Tliornr.;! Payload Simulator Instrumentation 

Loctition 



TC 72 and channel 164 
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Channel 156 





Tabic ‘J-1. Measurement Description Summary 

Note; •• A^Wnulh is measured (rum test (tU ilr.c, • IncUnalion, aUilude and radius arc measured Irom center o( laidt 



All dimensions arc in inches 




All dimensions are In Inches 





Table 9-1. Measux'ement Description Summary (Continued) 

Note: •• Azimuth is measured from test tartk fill Hr?, • Inclination, altitude and radius arc rniasured from center of tuivk. 
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All dimensions are in Inches 





Table 9-1. Measurement Description Simimary (ConcludeU) 



All dimensions are in inehes 



9.2 MEASUREMENTS AND ACCURACIES - 

9.2. 1 THERMOCOUPLES - All thermocouples were fabricated from Chromel/ 
Constantan teflon insulated thermocouple wire. Thirtyrsb: gage wire was used on the 
MLI, on the test tank outer skin, and on the upper surface of the TPS. All other 
measuring thermocouples were fabricated from 28 gage or heavier wiie. All of the 
MLI thermocouples (Channels 1 thi-u 58, Ref. Table 9-1) were fabrieated with the 36 
gage wire e.xtending from the measuring junction to outside of the shroud where they 
were spliced to a 22 gage Chromel/ Constantan chamber harnesses that connected 
them to the vacuum chamber passthrough. The seven thcrrvvocouplcs on the upper 
surface of the TPS (Channels 59 through 65 Table 9-1) were fabricated with the 36 
gage wire extending from the measuring junction to a point approximately 0.305 m 
(12 in) fi’om the edge of the TPS where they were spliced to an intermediate Chromel/ 
Constantan harness fabricated from 28 gage wire that led to the outside of the shroud. 

The intermediate extension wire was then spliced to the 22 gage chamber harness 
leading to tlie cliamber passthrough. A lai^c but unknov.'- pax-t of the ambient to 22K 
(40R) thermal gradient existed in this 28 gage extension wire. With the TPS at LH2 tem- 
perature this resulted in a maximum lower temperature reading in these channels (59-65) 
of appx-oximately 4.4K (8R) when compared with the readings of thermoc(,. ples 183, 

184, and 195 (figui'e 9-5 and Table 9-1). These three thermocouples were added to 
the top surface of the TPS when the vacuum chamber was open between the thennal 
performance testing of the tank installed MLI and the customized MLI thermal perfor- 
mance test. With the TPS at approximately 289K (520R) the approximate errors werc 
as follows; 


TPS-Radius m (in) 


+ Reading K (R) 
- Reading K (R) 


0.G6U26.6) 0.83 (32.5) 


2.1 (3.8) 1.5 (2.7) 0.94(1.7) 

0.0 (0.0) 0.28 (0.5) 1.06 (1.9) 


These values wcx'c obtained by compax-ing tJxe I’caxHngs of the I’mocou pies No. 60/61, 63 
and 64/65 witli the I'caxlings of thermocouples 185, 184 and 183 at t*'" comparable 
location during the customized MLI thermal pexTormance test. 


Ail tlxe thermocouples with Channel Numbers 1 thim 80 and 181 thru 185 had their 
Chromel/copix:r and Constantan/copper reference junctions located outside the vacuum 
chamber in a liquid nitrogen bath. All the jlhcrmocouplcs with Channel Nos. 81 thiix 
127. (Table 9-1) were referenced to the bottom suiTacc of the test tank, the guard tank, 
or the TPS and cop)x;r wire ixm out of the chamber. The prmiax'y objective of 
I'cfcx’cncing these the I'm occupies inside the vacuum chamber was to reduce errors 
by having the lai’ge ambient to liquid hydrogen tcmixiratui'c gradient in the pure ele- 
ment (copper) wii-es iastead of in the alloy (Chromel and Constantajx) wires. Since 
on] i’ one junction in each chamvjl can be grounded, these thermocouples were installed 
witlx the referemee junctions electrically insulated fi'om the metal suiTaccs with one 
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mil Mylar tajxj. At the prevailing temperaloire, 21K (38R) and pressure 1.33xl0~^ 
N/m^ (10”' torr) in the shroud, this electrical insulation turned out to have an extreme- 
ly low thermal conductance. This allowed the thermal coixluction In the chamber 
harness wires to heat the reference junctions enough to make these channels unusable. 
Between the thermal jxjrfm'mancc of the tost taiik installed MLI and the customized 
MLI thermal performance test, thermocouples No. 02 thin 116 were rewired with 
their refcience junctions outside the vacuum chamber in Uic liquid nitrogen bath, after 
which they read correctly. At this time TC No. 68 thru 71 (Ta.ble 9-1) were discon- 
nected sir'!c the number of Chiomel and Constantan pins in the chamber wall pass- 
through was limited. 


During the warm-up following the customized MLI tests, all the thermocouples were 
monitored and there was an indication that channels 36,48, 52, 102 and 115 might not 
have maintained goocl thermal contact. After the warm-up, the circuits were resis- 
tance checked and channels 10,33 and 97 were found to be open circuit or shorted. 

Except as noted, all the thermocouples had a usable range of 232K (41'^ R) to 478K (860R). 
The absolute accuracies were: 


22K ( 40R) to 61K (llOR) 
61K (llOR) to 117K (210R) 
117K (210R) to 200K (360R) 
200K (360R) to 533K (960R) 


±1. 7K (3R) 

±1. IK (2R) 
±0.55K (IR) 
±0.28K (0.5R) 


The repeatability of relative accuracy for any one chamicl was: 


22K ( 40R) to 61K (llOR) ±1.7K(3R) 
61K (llOR) to 117K (210R) ±1. IK (2R) 
117K i.2l0R) tc 20CK (360K) iO. 55K (IR) 
200K (3G0R) to 533K (960R) ±0. 28K (0. 5R) 



9.2.2 RESISTANCE THERMOMETERS - AH the resistance thermometer J were 
Rosemount Kngr. Co. Model 118F or 118L platinum film resistors. Each resistor 
was wired in one of three scries circuits as foHows: 


a. The first circuit consisted of the nine combination liquid Icvel/tcmixiraturc probes 
inside the tc.st tank. 


b. The second circuit consisted of the four liquid level probes in the guai'd t:uik. 


c. The third circuit consisted of seven probes, two each of the bottom suiTuce of the 
test tank, guard tank, and the TPS, and one on the surface of tlie reference volume 
in the inner ice bath. 


The nine probes inside the test tank (Channels 141 thm 149) and the four probes uisidc 
the guard tanl; (Channels 177 thru 180) were fluid measurements a...', '...d “'o following 
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ranges and accuracy. As temperature probes, liieir range was 19K (35R) to amJiicnt 
with an aJ>solutc accuracy of ±0. 055K (0. IR) from 19K (35R) to 33K (60R) and ±0. 03K 
(0.05R) from 33K (60R) to ambient. As liquid levels their range was go/no go with an 
accuracy of ±0.00254 m (0. 1 in). The seven probes in the third circuit (Channels 132 
thru 138) were all skin probes and all exeept the reference volume temperature wei'c 
inside the shroud. As with the thermocouple reference junctions, the prevailing 
temperature, 22K (40R) and pressure 1.33x10“^ N/m^ (10" torr) inside the shroud 
resulted in a low thermal conductance between the ceramic coating onthe probe and the 
metal surface. Because of this, tliermal conduction through the instnimentation lead 
wires made these (Channel 132 to 138) unusable. 

9.2.3 PRESSURE - Six pressure .lata ehannels were recorded; 


Channel No. 

Range, Full Scale 

Measurements 

153 

0-137.88 kN/m^ (0-20 PSIA) 

Test TarJc Ullage (Secondary) 

154 

0-172.35 kN/m^' (0-25 PSIA) 

Guard Tank Ullage 

155 

0-241.29 kN/m" (0-35 PSIA) 

Flow Meter Inlet 

156 

0-172.35 kN/ni2 (0-25 PSIA) 

Atmosphere 

157 

±34.5kN/m^ (± 5 PSID) 

Test Tank/Guard Ullage Differential 

161 

±0.133 kN/m^* (±1 TORR) 

Test Tank Ullage? (primaiy) 


’t' Relative to the reference volume pressure. 

Channels 153 thru 157 were recorded using Statham Model PA822 bonded film strain 
gage pressure transducers with a total system absolute accuracy of ± 0. 5*^ FS and a 
repeatabilitj' or relative accuracy of ±0.1% FS. The primary test tank ullage 
pressure measurement (Channel No. 101) was the output from the MKS Baratron 
Model 145 AII-1 Capacitance Manometer as described in Section 8.2. This unit has an 
absolute accuracy, as stated by the manufacturer, of 1.33 x 10"^ N/m^ (1 x lO"^ mm hg) 
and a repeatability of 1.33 x lO"^ N/m^ (1 x 10"^ mm hg). 

9. 2.4 VACUUM - The chamber vacuum was measured using a Veeco Model RG-840 
ionization gage controller and a Vecc > Model RG 45 ionization gage tube. The gr , • tube 
filament was operating '’ontinuously throughout the test and the tube was degas.>^. -: 
appi’O.Kimately once a day. In the range from 1.33 x lO"^ N/m^ to 1.33 x lO”^ N/m^ 

(1 X 10"^ to 1 X 10”^ torr), the accuracy was better I' an ± 10% of the scale reading. 

The shroud vacuum was measured using a Veeco Model BG-21A ionization gage 
controller with a Veeco Model iiG 45 ionization gage tube. Tills gage tube filament 
was turned on only while the gage was being read, and the accuracy was therefore 
degraded to an estimated ± 30% of the scale reading. The. recorder ouqiuts on these 
two gage controllers were not connected to the digital recorder (Chiuinels 157 thru 
171) but were read and logged manually. The chamber pressure was read at 30 
minute Intervals throughout the entire test. The shroud pressure was read at 30 




minute Intervals during the first null test, then roughly dally for the remainder of tlie 
testing. 



9.2.5 FLOV/ - The test tank bolloff fiow mea.surcments were talven with a Thermo 
Systems Inc. Model 1053B-A1 constant tem^jerature anemometer (Channels 164 timi 
166). A sadden eight to one increase in the test Uink bolloff during the first null test 
(Paragraph 10. 1.3) dcsli-oyed th.; scrisor aiiu the back up unit w:is not availaJale. At 
this time a water displacement flow measui'cmcnt was substituted using a five 
gallon glass water bottle inverted over a stairless steel o)x:n top tank as shown in 
Figure 9-7 and 9-8. The II 2 bolloff flowed contimou.^'ly through the bubble tube which 
could be slid back and forth approximately one inch thei eby allowbig the gas bubbles to 
rise either inside or outside the neck of the bottle. After each reading, the gas siphon 
and aspirator were used to I'einove the gas and refill the Ixittle with water. <The 
plexiglas plate suptx>rting the 'x>ttlc was not quite horizontal with one edge 0. 005 m 
(0.2 in) higher than the other. The bottle siadacc of this plate was the rcfci'cncc for 
the tank w.atcr level which was maintained so that the bottom of the plate was partially 
but not completely wetted. A Meylan stop watch (±0. 1 minute) was used to time the 
interval between moving the bubble tube under the bottle neck aiul whc.n the first bubble 
broke outside the bottle neck. The water volume of the bottle (±0.03%) was determined 
by weighing the bottle empty and then filled with distilled watc-r at 295. 6K (532R). The 
tcmixjraturc of the water in the tank and the air surrounding the bottle were measured 
±0. 55K (l.OR). Since the "stay •^ime" of the gas in the bcttle was large (15 to 60 mui), 
it was very nearly in equilibrium with the outside air temi^erature. Using a corrcetion 
factor of 532/1. 8K (532/R), the eri'or is less than 0.3%. Two other sources of error 
considered were the solubility of GU 2 in H 2 O and t.'^c creation of H 2 O vapor in the chy 
GH 2 . At 294K (530R) both these effects could cause a maximum error of less than 2%, 
however, since they arc of approximately equal magnitude but opix)site sign, their 
total error will probably be much less than 1%. 


9.2.6 POWER - The test tank heater ix>wer was determined from separate recordings 
cf the voltage across tlie heater leads in the test tank (Chaimcl 172), and the voltage 
drop across a 1. 10 ohm shunt in scries with the heater (Chnunel 173). 

9.2. 7 POSITION - The TPS position (Channel 152) was recorded using a Waldalc 
Reseax’ch Co. Model LTD-160-140 linear motion trajxsduccr with a range of C to 1. 27m 
(50 in). As installed in the setup the total sy.stcm accuracy was ±0. 0013m (0.05 in). 

9.3 DATA ACQUISITION 


Test data for this MLI test progi'a:!! was recorded by using a Dymec digital recorder. 

Raw analog data from each measuring device was sam|)lcd by' the Dymec at various 
rates depending upon the test conditions and data x’ccpiiremcnts. Data was recorded 
as raw voltages printofl out on paixcr tajxe. The decks of paper tape were labeled at 
the beginning and end of each test period and assigned a deck number corrc.spondLixg to a 
numerical listing recorded in the test engineering data log of test operatioixs. The Dy'mec 
paper ta])c decks were then triuisixxrted from Test Site B to the Kearny I\Icsa Plant. 
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TKSTING 


The lest prourrm bicludcil three major test categories, (l) null testin-', (2) thermal 
testing ol the tank installed' M LI system, and (3) thermal testing of the customized 
MLl configuration. Table 10-1 outlines the objectives ajid conditions of the test 
pi'ogram. The null tests a,*e systems operation functional tests. These tests were 
performed to verify satisfactory operation of all liardu arc components including 
cryoshroud, thermal payload simulator (TPS), test tank press;, »-c control system 
and guard tajik and to determine cxtnuiec:;.'- heat flow., into the test tank, llie thonnpl 
payload simulator was not insulated during these tests. 

The purpose of the tank installed MLI test was to determine the thennal perform:mce 
of the tank insulation at a TP.S temperature of 2S9K (520K). The thermal jjayload 
simulator surface remained uninsulated. 

rhe objective of the customized MLI test was to determine the thermal pcrfomiajicc 
of the liuik Insulation at a TI‘S temperature of 23DK (520l{) ;md three different 
distances (Table 10-1) between tank imd TPS. The Tl’S was insulated. 

Figure 10-1 i.s a simple schematic which shows the test article inst.allcd within the 
cryoshroud. The test facility is dis.;usscd in Section 8. The test article consisted 
of the test t.ank (Sections 2 ;uul 3), associated insulation (.Section 7), tank support 
.system (Section 2.2 and 3.2), guard tank (Section 5.5), fill/drain and vent lines 
(Section 5. 5) between test and guard tank, and the double scid le.akagc pumpout line 
(Section 2, 1. 1). A detailed schematic of the test article, installed within the ciyo- 
shroud assembly (Section 5) including TPS (Section 4) is sliown in Figure 10-2. 'Ihe 
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Tabic 10-1. Test Objectives and Conditions 
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Nott; All fill and vent lines are insulated with 10 layers of MLI. 



Figure 10-2. Schcmaiic of Test Article and Cryoshroud Assembly 

assembly of the cryoshroud with the baffles, guard tank and the test tank was 
discussed in Section 5.G, 1. The assembly sequence of the test setup was as follows: 

1. Installation of the M U on test tank. 

2. Installation of the instrumentation on test tank assembly. 
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3. Installation of plumbing on bafflc/shroucl-side assembly and leak checking 
of the assembly- 

■1. Installation of the instrumentation on briffle/shroud-sldc assembly, shroud 
bottom, and thermal payload simulator. 

5. Mating of TPS to baffle/shroud-side assembly, 

G. Installation of the MLI on bottom of TPS. 

7. Mating of shroud-bottom to TPS/baffle/shroud-side assembly (shroud 
assembly). 

8. Installation of plumbing on shroud assembly and leak checking of the 
assembly. 

9. Mating of tost tank assembly to shroud assembly (test assembly). 

10. Installation of test assembly in chamber and mounting of support legs. 

11. Installation of plumbing between tost assembly and chamber, and 
lc:ik checking of assembly. 

12. Installation of baffle and TP.S positioning mechruiism. 

All liquid hydrogen fill and vent lines between the test configuration and the vacuum 
chamber were wrapped with ten layers of MLI fastened with aluminized Mylar tape. 
The top of tlic guard tank ;uid the top, sides, Jind bottom of the cryoshroud were 
insulated with 30 layers of MLI. As shown in Figure 10-2, the MLI on top of the 
shroud and guard tank was supported directly by the guard lank and the angle of 
braces, :ind overlapped the sidewall MLI appro.ximately 0.25 m (10 in). The 
sidewall MLI was sewTi onto a tubular support structure approximately 0. 05 m (2 in) 
from the outer edge of the shroud cover. It was applied to the sidewall and extended 
0.30 m (12 in) below the sliroud lx)ttom. The slu'oud bottom MLI was supixirtcd 0.10 
m (4 in) below the bottom surface of the shroud by a layer of wire mesh stretched 
between the slu’oud support legs. Figure 10-3 presents a photo of the test article 
prior to inst;illation into the vacuum chamber. 

The test tank and guard tank back pressure control system, instrumentation and 
auxiliary hardware including the pneumatic and electric valve control systems were 
checked out. The plumbing lines of the lest apparatus were leak checked with the 
vacuum clrimber open and the chamber closed. Several leaks were found and 
repaired. An operational check of the total system was perfomred alter an initial 
pumpdowTi of the vacuum chamber. 
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10. 1 NULL TESTING 



Objectives and conditions of the null testing are shown in Table 10-1. The test program 
was initiated on 30 May 1975. The following sections present ‘he null test procedures, 
test specimen preparation, test results and evaluation of the . esults. 

10. 1. 1 NULL TKST PROCEDUHLS - The null test procedures were as follows: 

1. Adjustment of test tank/Tl’S spacing to O.dG in (IS in). 

2. Closing of environmental vacuum chamber. 

3. Evacuation of environmental vacuum chamber to G.G5 x 10”^ N/m^ (5x 10“'^ ton) 

4. Purging of vacuum chamber with GHe. 

5. Purging of test tank with hot GN2 for G hours at a temperature of 333K (GOOH) 
maximum. 

G. Evacuation of environmental vacuum chamber to G. G5x lO"'^ N/ni^ (.5 x 10~^ ton) 

7. Supplying of cold trap with LN2 and evacuation of chamber to below 
1. 33 X 10“^ N/m^ (1 X 10“® torr). 

8. Cooling of baffles, cryoshroud, and TPS surface temperatures below 27. 8 K 
(50R) and maintaining of these temperatures. 

9. Filling of test taiiK with LII9. 

10. Approach of thermal equilibrium at a constant test tank pressure level. 
Equilibrium conditions are achieved when the temperature readings of test 
tank thermocouples TC -3, -11, and -31 (Figure 9-2) vary not more than 

j 0. 5GK (1 IF) in 10 hours and the LIl2 boiloff rate changes not more than 
0. per hour. 

11. Maintaining of the environrnental chamber pressure at less than 
1.33 xi0"'l N/m2 (1 X 10"^ torr). 

12. Maintaining of baffle, ciyoshoud, and TPS surface temper.atures at less than 
27. 8K (50R). 

13. Verification of a hydrogen boiloff rate from the lest tank of less than 0. 0002 ! 
Kg/hr (0.00052 Ib/hr) which correlates with the NAS.A required heat leak of 
less th;in 0. 029.3W (0.1 BTU/hr)., 
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11. Application of 0.2W (0. G83 HTU/hr) to test tank heater, allowing the tank to 

reach equilibrium and checking Unit the total Ixiiloff rate (heat input plus leakage) 
of 0.00185 Kg/hr (0.00408 Ib/hr) agrees with the knowni encrgj' input. Hoiloff 
rate corresponding to the 0.2W heat input Is O.OOlfJi Kg/hr (0. 00350 lli/hr). 


15. Repealing of Step 14 with the following heat inputs to the test t:mk heater; 


Heat Input 0. 5\V (1. 7005 BTU/hr) 
Total predicted boiloff rate: 

Boiloff rate corresponding to 0. 5\V: 

Heat input Q.4W (1.3G52 BTU/hr) 
Total predicted boiloff rate; 

Boiloff rate corresponding to 0. 4\V: 


0.004 28 Kg/hr (0.00941 Ib/hr) 
0.00404 Kg/hr (0. 00889 Ib/hr) 


0. 00347 Kg/hr (0. 00763 Ib/hr) 
0.00323 Kjt/hr (0.00711 Ib/hr) 


Heat input 0. 2\V (0. 083 BTU/hr) 

Total predicted boiloff rate: 0.00185 1,'g/hr (0.00408 Ib/hr) 

Boiloff rate corresponding to 0. 2U': O.OOIGI Kg/hr (0.00350 Ib/hr) 


10. 1.2 TEST SPECIMEN PREPARATION - A series of purging and evacuation cycles 
were initialed to remove condensible gases from the MLl and \ acimm facility. Pump 
down of the chamber was initiated on Friday, 30 May 1975, utilizing the mechimical 
jtumping system. Pumping was continued over the weekenil. ChainJjer pressure was 
109.5N/in'^ (1.5 torr) on Monday, 2 June 1975. E was necessary to back fill the chamber 
with air to reitali- a leak in the second stage of the diffusion pum]). Mechtinical pumping 
was resumed til'tcr completion of the repair work. The chamber pressure was 13.3 N/m“ 
(0. 1 tori') on 3 June 1975. Tlic main diffusion pump was turned on and retluccd the pres- 
•sure to 5. 32 xi0“^ N/m^ (4 x 10"^ torr) within 3 hours. At this tune number 2 mechtir.Lciil 
pumji failed. The chamber was locked up until 4 June 1975 while the )ximp was repaired. 
The chamber was back filled with a mixture of 50% air and 50% helium. /\ftor a renewed 
pump down to 33.25N/m^ (0.25 torr), gaseous nitrogen was introduced through the fill 
line into the test tank tit a temperature of 344K (620R). The hot purguig oiicration wms 
continued for 6 hours. On 5 June 1975, the chamber was evacuated and back filled throe 
times with gaseous nitrogen to a pressure of 266 N/m^ (2.0 torr). Utilizing the diffusion 
pumping .system on 6 June 1975, he.avy outgassing of the system was observed in the 
pressure range between 4. 65 x 10"“ and 6. 92 x lO'^ N/m^ (3.5xi0“^ and 5.2x10“^ 
torr). During the weekend days, June 7 and 8, the chamber was left at a vacuum 
pressure 39.9 N/m^ (0.3 torr). 


On Monday, 9Junel9"5, mechanical and diffusion pumping reduced thepressuie to2.39 x 
10“^ N/m^ (1.8 < 10“^ torr) when chilling of the cold trap was initiated. The Cosmodme 
supply tank, the catch tank, cryoshroud and baffles were filled with LIl 2 at an approximate 
v.acuum pressure of 1.33xi0"'l N/m“ (1.0xi0“® torr). 'rhennal payload simulator 
(TPS), guard tank and test tank were supplied with LII 2 on 10 June 1975. At the begin- 
ning of filling the test Uuik the pressure w.as 2. 39 x i0“^ N/m“ (1. 8 x l0"’^ torr) and 
1 . 73 x 10'^ N/m“ (1. 3 <l0"'^torr) in tlie vacuum chaniber ;uid within the ei-yoshroud 
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resixjctively. The pressure within the recovery tarfc was set at 34.7kN/m (5 psig). 
FQllng of Uie test tank was intentionally performed over a 4 hour and 20 mliute period 
to avoid leaks caused by the cooldown process. The pres.sures of the vacuum chamber 
anti shroud at the end of the filling ojx:ration (98% full) wero 1.73 x 10“® N/m^ (1.3 x 
10“ torr) and 10. 4 x 10 “® N/m^ (7.8 x 10”® torr), respectively. Pressures of the 
test tank ;uid guai'd tank were set 113.08 kN/m^ (16.4 psia) and 114. 11 kN/m^ 

(16.55 psia). A pressure differential of 1.03 kN/m^ (0.l5psid) between guard tank 
and test tank was maintained with a tolerance of 0. 344kN/m^ (0. 05 psid) through the 
entire test operation. 

During June 11 the LII 2 boiloff rates were still high therefore no flow rate data were 
recorded. 

10. 1. 3 NULL TEST RESULTS - The actual test activity started on June 12, 1975. 

The null test was conducted over a period of 218 continuous test hours. Boiloff flow 
rates and temperature readings of MLI thermocouples TC-3, TC-11, TC-31 (Table 
9-1 or Figure 9-2) and TC-62 (Table 9-1 or Figure 9-5) are plotted in Figures 10-4, 
Sheet 1 through 3. At 0-time the gUc'ird tank was 80% full. Ah unexpected rise of the 
vacuum cliamber pressure to 1.33 x lO"^ N/m^ (1 x 10~^ torr) after 12 hours reduced 
the temperature of the test tank uisulation by gaseous eohduction to near the liquid 
hydrogen temperature level (Figure 10-4, Sheet 1). The sudden rise in pressure 
was caused by a loss of oil in the diffusion pump. Fifteen hours after 0-time the 
VJicuum chamber pressure was recovered. The test a«l guard tanks were refilled. 

10. 1.3. 1 Null Test No. 1, Zero Power Input - The first null test was performed to 
establish the extraneous heat leak into, the test article. The tank pressure was 
controlled within f 0.68947 N/m2 (t 0.0001 p.«ia) of the set point. A typical plot of the 
tank pressure control is shown in Figure 8-9. The vacuum pressure achieved within 
the cryoshroud was approximately 1 x 10 “^ torr. The thermal equilibrium period 
began 51 hours after 0-time. Test data of the thermal equilibrium period are shown 
in Table 10-2. All measured hydrogen boiloff rates were corrected as discussed in 
Section 10. 1. 5. An average equilibrium boiloff rate of 0. 00055 Kg/hr (0. 00121 Ib/hr) 


Table 10-2. Null Test No. 1, Zero Watt Power Input Boilofl Data During The 
Thermal Equilibrium Period 


Equil. 

Hour 

Total 
Elapsed 
Time, hr 

LH 2 

kg/hr 

Boiloff 

Ib/hr 

Equil. 

Hour 

Total 
Elapsed 
Time, hr 

LII 2 I 
kg/hr 

Boiloff 

Ib/hr 

0 

51 

0. 000545 

0. 00120 

5 

56 

0. 000545 

0. 00120 

1 

52 

0. 000545 

0.00120 

G 

57 

0.000636 

0. 00140 

2 

53 

0. 000545 

0. 00120 

7 

58 

0. 000500 

0. 00110 

3 

54 

0. 000545 

0,00120 

8 

59 

0. 000500 

0. 00110 

1 

55 

0. 000545 

0.00120 

9 

GO 

0. 000591 

0. 00130 


Average Boiloff: 0. 00055 kg/hr (0.00121 Ib/hr) 





Figure 10-4. Null Test No. 1, Zero Power Input (Elapsed Hours: 0 to 73) - Sheet 1 of 3 
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was measured during the nine hour equilibrium period. MLI temperatures of thermo- 
.eouples TC-3, 11 ;uid 31 are plotted in Figure 10-^1 (Sheet 1). During the entire null 
test equilibrium period there was no significant change in the test tajik MLI temperatures 
as shown in Table 10-3. The results are discussed in Section 10. 1.4. 1. 

10. 1. 3. 2 Null Test No. 2,0.2 Watt Power Input - The second null test (Step 14, Section 

10. 1. 1) was the application of 0. 2 watt to the test tank heater to verify a known heat 
input into the test tank. The boiloff rate (Figure 10-4, Sheet 1) was increasing slowly 
to approximately 0. 000G8 Kg/hr (0. 00150 Ib/hr) when a rapid increase in flow rate to 
0. 00273 Kg/hr (0. OOG Ib/hr) damaged the TSI-IA flowmeter, 69 hours after 0-time. 

For the following 19 hours boiloff readings were taken with the 'rSI-2G flov/meter 
(Table 9-1, Channel 1G5). These readings were below the operating range of the TSI-2G 
meter after 88 hours after O-time. A water displacement flowmeter (Section 9.2.5) was 
then introduced and it was kept in use for the remainder of the test operation. Test tank 
pressure oscillations occurred after the change of the flowmeter. They were reduced 
by adjusting the sensitivity and reset rate of the DaM controller (Cy = 0. 010). 

The thermal equilibrium period began 51 hours (111 hours after 0-time) after the 0.2 
watt power application (Figure 10-4, Sheet 2). Test data of the second null test are 
listed in Table 10-4. MLI temperatures (TC-3, 11 and 31) are plotted in Figure 10-4, 
Sheet 2. A measured average boiloff rate of 0.00151 Kg^/hr (0.00333 Ib/hr) was obtained 
during 10 hours of equilibriiun condiiicrs. During the entire null test equilibrium period 
there was no significant change of the test tank MLI temperature (T.^ble 10-5). At the 
end of the test the guard tank was approximately 40*^4 full. The results of null test no. 

2 are discussed in Section 10. 1.4.2. 

10. 1. 3. 3 Null Test No. 3, 0. 5 to 0.4 Watt Power Input - The third null test (Section 

10. 1. 1, Step 15) was the application of 0.5 watt to the test tank heater. The predicted 
hydrogen boiloff at this power level was 0. 00428 Kg/hr (0. 00941 Ib/hr). The test was 
started 122 hours after 0-time when the guard tank was refilled (Figure 10-4, Sheet 2). 
The increase in flowrate was extremely small. During a 24 hour period (138 lo 1G2 
hours after 0-time) the boiloff rate increased only by 0. 00027 Kg/hr (0. OOOG Ib/hr). 

It was decided after 40 hours of total test time to reduce the power level to 0.4 watts due 
to the long time projected as being required to reach thermal equilibrium. The thermal 
equilibrium period begun after 2 hours. A measured average boiloff of 0. 00297 kg/hr 
(0. 00G53 Ib/hr) was obtained during the following 11 hours of theimal equilibrium (1G4 
hours to 178 hours after 0-time). Boiloff rates are presented in Table 10-6. MLI 
temperatures (TC-3, -11 and -31) and boiloff rates are plotted in Figure 10-4, .Sheet 
3. The results of null test no. 3 are discussed in Section 10. 1. 4.3. 

10. 1.3. 4 Null Test No. 4, 0. 2 Watt Power Input - During the fourth null test (Section 
10. 1. 1, Step 15), the power level was reduced to the original 0. 2 watt case (second 
null test), to establish the repeatability of the boiloff measurements. The test was 
started 178 hours after 0-time. The therm.al equilil^rium began 26 hours after the 0.2 
watt power input. A measured average boiloff rate of 0. 00194 F g/hr (0. 00426 Ib/hri 
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Tablo 10-4. Null Tost No. 2, 0.2 \V:itt Power Lni)ut BoUoff 
Data Durlxjg The Thermal Equil ibrium Period 


Cqull. 

hour 

IdUU 
Clap»c><S 
TiCTf; bra 

LH{ Botlofl 

k^qull. 

Hour 

Toui 

Ttmr.hr* 

LK^ Bolloff 

kt'hr 

Ih/hr 

Wc^hr 

lb/ hr 

0 

Ml 

o.ooisi 

0.00321 

S 

U6 

0.00150 

0.00330 

1 

112 

O.OOIVI 

0. 0033‘J . 

6 

M7 

0.00152 

>.00334 * 

2 

U3 

0. 00152 

0.00335 

7 

llA 

0. ooisi 

0.003J2 

2 

l.l 

O.OOlSl 

0.00333 

9 

119 

0.00153 

0.00330 

« 

ns 

0.00150 

0. 00330 

• 

120 

0.00 U9 

0.00329 





10 

121 

0. 00151 

0.00333 


Av«ri«« Boilorr; O.OOISJ kt/hr (O.OOlU It/hrl 



1')-,"). 'I’esl Tank Heater Power Input Vs Test 
'i'ani; BoiloH' H.'Ues During: Null 'I’esting 


was obtained during 12 
hours of e(|ui librium con- 
ditions (205 to 217 hours 
after 0-time, Table 10-7, 
luid Figure 10— I, Sheet 3 
of 3). Tlicnnocouplo 
temperature <lata at the 
beginning jmd at the end 
of the thermal equlllbriuni 
period arc pi esented In 
Table 10-8. 

10. l. l EVALUAITON OF 
NIT.l. TEST RESULTS - 
The results of null tests 
no. 1, 2, 3 and -1 are 
sutnmarlzcd in Table 10-9 
and plotted in Figure 10-5. 

The results include the 
maximum extraneous heat 
flow of 0. 0293 watt (0. 1 
Btu/hr) into the test tiink 
when the internal heater 
element was turned off. The 
test apparatus was designed 
to meet this NASA require- 
ment. A system thermal 
perform.ancc analysis and 
the analytical determination 
of all extraneous heat flows 
were beyond the scope of 
this work. ITilizing test 
data, the heat leakage w'as 
re-estimated. The com- 
pon^nts which w'ere investi- 
gated and ti'cir contribution 
to heat leakage are listed 
in Table 10-10. 


The heat ! ■'k through the 
•ML.I was determined by 
using (he equation which 
liescribes the IheiTual 
perfoiTnance of : 
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Table 10-G. Null Test No. 3, 0..-1 Watt Power Input Bolloff Data During the Thermal 
Kquilibrium Period 


Equil. 

hour 

Total 
Elapsed 
Time, hr 

LII 2 Boiloff 

Equil. 

hour 

Tol;il 
El.apsed 
Time, hr 

LII 2 

Boiloff 

kg/hr 

Ib/hr 

kg/hr 

Ib/hr 

0 

164 

0,002945 

0. 00648 

8 

172 

0.003055 

0.00672 

1 

165 

0.002955 

0. 0C650 

9 

173 

0.003023 

0. 00665 

2 

100 

0.002959 

0.00651 

10 

171 

0.002945 

0,00648 

3 

107 

0. 002973 

0. 00654 

11 

17b 

0.002959 

C. 00651 

4 

109 

0. 002973 

0, 00654 

12 

176 

0. 002955 

0. 00650 

5 

109 

0,002977 

0.00655 

13 

177 

0.002905 

0. 00639 

0 

170 

0. 002986 

0. 006.57 

14 

178 

0.002882 

0. 006.34 

7 

171 

0.003036 

0. 00668 




_J 


Average Uoiloff: 0. 00297 kg/hr (0. 00053 Ib/hr) 


Table 10-7. Null Test No. 4, 0.2 Watt Power Input Boiloff Data During the 
Thermal Equilibrium Period 


Equil. 

hour 

'I'otal 
Elapsed 
Time, hr 

LII 2 Boiloff 

Equil. 

hour 

Total 
El.ipsed 
3‘me, hr 

LTl2 Boiloff 

kg/hr 

Ib/hr 

kg/hr 

Ib/hr 

0 

205 

0.001941 

0.00427 

7 

2 12 

0.001909 

0. 004 20 

1 

206 

0 . 0019.32 

0. 00425 

8 

213 

0.001886 

0. 004 15 

*i 

207 

0.001945 

0.00428 

9 

214 

0.001950 

0. 00429 

3 

208 

0.001941 

0.00427 

10 

215 

0.001941 

,0. 00427 

4 

209 

0.001950 

0.00429 

11 

216 

0.001945 

0. 004 28 

5 

210 

0. 001973 

0. 00434 

12 

217 

0.001959 

0. 00431 

6 

211 

0. 001918 

0.00422 






Average Boiloff; 0.00194 kg/hr (0.00420 Ib/hr) 
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Tabic 10-3. Test Data at neginninj^ and Knd o*’ Thermal Kquilibrium Period of Null Test No. 
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where 


Cg -- 8. 95 X 10-G and Cj. 5. 39 x 10“ for 
Table 10-9. Summary of Null Test Results 



Null Test Somber 

1 

2 


1 1 

1. 

TaJiK Heater I'ower tnpul 
(wanj) 

Zero 

0.3 

0.4 

0.2 ! 


Elasped Teat Time Ran^e 
(Figure lO'-it .hourai 

.»-• iO 

40-121 

122- i79 

lTD-21? 

’ 


Thermal Equvii.irium Period 
»Fl^re JO-41 tftourai 



. 

u 

11 ! 

j 

4. 

Predicted Botlolf Hate« 
K</hr .Ib/hrai 

0.00024 

.«).00052f 

O.OOISS 
.0. 00409) 

0.00.147 
(0. iwcai 

0.00195 ; 
(0.00408) ; 


.^verace .Mca.sured Dotlotf, 
Kg/hr /Ib/hrai 

0.00053 0.00151 

/o. 00121) i(0. ooa.'ij) 

0. 00297 

0.00194 ‘ 
<0.00420 , 


Predicted Heat L’etkAifi, 
Watts .BTf'hn 

0.')293 

io. n 

0. 2293 
(0.7324) 

0. 4293 
a.4t*S2> 

0. 2293 
(0. 7326) 

T . 

Average Measured Heat 
Leakage. Watt* 'BTV'hrj 

0..H9 
(0. 2321) 

0.137 . 
fO. *>387) 

0.367 

(J.2324) 

0. 239 
(0.9170) 

i. 

F Deviation Between 
Predicted and .Measured 
Boiloif ^ates 

-i33 

-13.3 

-14. * 

-4. 4 


Chami>tfr Pressure, N/ra’ 
iTorri 

1,33.10'* 

;1.0»10-'f) 

9 3l«I0'*b. «>tl0'< 
3-l0'0) 

10. 8* 10'* 
(8. Ok 10- h 

,0. 

shroud Pres-sure, N/m- 
.Torn 

3.4-10'* 

l.9'io'''; 

2.0i«l9'* 3.32«10'‘’ '2. 13«!0'’ 
ll 5'10''<2.5.10''l'n.<l»10''> 


* Ba5cd on 0. 92D3 wntts t0« ] BTU/^rj beal leaka^^ into the test unit. 

Table 10-10. l^stimalod Extraneous Heat Flow 
Into the LII2 Test Tank 


Component 

Rpt 

Sect. 

Heat Leakafce 

BolIoH Raw 

Wait 

BTU.-hr 

KK/hr 

Ib/br 

1. 

MLl 

7.2 

0.0041J 

0. OHOfi 

0. 000033 

0.000073 

2* 

T.mk Door 

2. 1. 1 

0. 000.1.1 

0.00112 

0. 000003 

o.nooooG 

3. 

L* d' -t;e F'*icuaHon 

2. 1. 1 

0,00,101 

0.01232 

0. 000029 

0. 000064 

4. 

16 1 J- • to Outside 

9. 1 

0. 00795 

0. 02713 

0. 000064 

0.000141 


Tank Wall (Hotlom) 






S. 

3 Tank Supporl.s 

3.2. 1 

0, 00709 

0. 02625 

0. 000062 

0.0001.17 

6 . 

Vent Line 

5. 5 

0. 00.300 

0. 01025 

0. 000024 

0. 000053 

7. 

Fill Line 

5.5 

0.00300 

0, 01025 

0.000024 

0. 000053 

8. 

H2 C.V) In Fill Line 

5.5 

f'. OOOOI 

0, 000 1. 5 

0. OOOOOOl 

o.oortooi 

Total 


0. 02974 

0. 1015.1 

0. 000239 

0. 000529 


(T^4.fi7 _ T^4.r,7 ) (10-1) 


N in layers/m, T in “K, and 
q in \V/m2 

g “ 8. OB X 10"^® and 

Cr = 1. 10 X 10-11 for 
N in layers/in, T in 
° R, :md q in B'l'U/hr 
ft‘2 


or 


‘TR 


0. 031 


The equation does not include 
any heat transfer throu)?h 
insulation altaclinients. 3'hc 
temperature Tjj ■- 23, 2K 
(-41. 75R) was determined by 
averuRinR all TC temperatures 
al the outer face sheet of tlie 
outer blanket shoun in Table 
10-3, The temperature 
T,, 20. BK (37, 12R) is the 

saturation temperature of the 
hydrogen at the test tank 
pressure of 113. 08 kN/m^ 

(IB. 4 psia). The heat leak 
Ihrouijh the test tank door 
(not insulated) was estimatetl 
by performing a simple 
radiation exchange calculation 
between guard tank and test 
tajik. A maximum & T of 
0; 55K (l.OR) was assumed 
because the guard tank was 
controlled at a pressure of 
IM. 11 kN/m- (IB. 55 psia). 

The value of the emissivity 
for both tanks was assumed 
to be 0. 5. 
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The "a.s leaka^^e evacuation line which was intended to reduce leakage from the tioor 
lileed ports shown In Figure l’-2. Section !?-H, r/7 con? isteil of a .!'» | stainless steel 
tube, 0. 0063;") m (0. 25 Ln) diameter ai¥l 0. 'j00r> m (0. 020 in) wtdl thiekness, 'I he len;;tli 
of the tube between door ami (^uard tank where it was attached to the outside wall was 
1.52 m (tiO in). The temperature of the tube at thi' p.iard tank location was estimatt'd 
to be 51K (llOH). 

Si-Kteen thermocouple wires, 28 gauiie, were attached to the outside wall of the lower 
end of the lest tank. Kach wire was 6.1 ni (240 in) long. The temperature ^t the hot 
end of the wire was apnro.ximately 116.7K ( 210 l<). 

The length of the th' ce stainless steel tank supports bciweei; imard and te.st tank was 
0.381 m (15 in). The diameter was 0.013 m (0.5 in). Ti -i temperature difference 
between the cold and warm end of the support w;is 0. .'>5K (l.Olt). 

Hoth the vent and fill line consisted of .304 slainle.-.- steel tubintj, 0.051 in (2.0 in) 
diameter and a wall thjekness of 0.0009 m(0. 0.35 in). The length between guard and 
lest lank was 0.356 m (11 in). The AT was assumed to be U.55K (l.OR). 

Finally, the contribution to heat leakage of the stagnant hyilrogen gas witlun the fill line 
was analyzed. The contribution is insignificant :is shown in 'i'al)le 10-10. Heat leak- 
age through the instrumentation wiix*s leafling to the liejuid level sensors was also, 
insignificant. 'I'he electrical harness was fed through..a separateTulje in the guard 
tank to provide good thermal contact and U) assure coriiplele heal removal. 

10. 1.4. 1 Null Test No. 1 - Zero Power Input - Table 10-9 indicates th:tl the measured 
I.II 2 boiloff rale was 2. .3 times tiigher tluui the estimated boiloff rate. There are seA cral 
rcasoms for the largo discrepancy between mea.su red and estimated boiloff rates. Rettson 
number one is that the predicted lx)iloff rales wore only c.slimates. A re-evaluation, of Uie 
he.at leaks after the testing was not com|)lctely successful because of the guani t:uik 
thermocouple kiilures (Section 9. 2. 1). No allowance was made for heal transfer 
llirough .\1LI attachments. The second reason for ll.e discrepancy was the incomplete 
outgassing of the MLl. An e.xtrcmely slow outgassmg of the system is not 
surprising at tlie low temperature levels which were maintained throughout this test. 

Gas conduction heat transfer through composite MLI systems such as the silknei./Il.AM 
Ml.I becomes signific.aiU at interstitial p' .s.surcs ;d>ove 1.33 x lO"'^ N/m- (10”^ torr) (Ref. 
(Ref. }0-l, i)age .3-1). Interstitial pressures up to three orders of magniUtde higher than 
tliose maintaine'd within the surrounding vaeuiim envii-onment can e.xisl in com|)Osite MLI 
systems for relatively long times (i.e. , for tlays or i;ven weeks) due to continued 
outgassing of water vapor. However, it must be realized that the c.slimatcd heat 
leakage tlu-ough the MLI is only 14 percent of the total heat leakage into the tank (talkie 
10 - 10 ). 
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A third and major reason for the discrepancy between the predicleti and measured 
hoilbff rate may be the additional heat transfer Ihrouijh the vent and Hll line caused 
by thermal acoustic oscillations. Such thermal acoustic oscillations produce lar^je 
heat leaks to stored ci-yORcns (Hef. 10-2). Pressure oscillations also occurred durin)? 
these tests. 

In general, the temperature and boiloff measurements taken during the equilibrium 
periotl were stable and within the selected thermal etiuilibrium criteria (Section 10. l. t). 

10. 1. 4. 2 Null Test No. 2 - 0. 2 Watt Pow'~ •.Input - The power application of 0. 2 watt 
during the first eight hours (Figure 10-4) resulted in an average LH9 boiloff rate of 
approximately 0. OOOOS kg/hr (0.0015 Ib/hr). After eight hours (G9 hours after 0-time) 
the boiloff rale increased sliarply to 0.0050 kg/hr (0.01.3 Ib/hr). The rapid rise of the 
boiloff rate was caused by a sudden onset of ctjnvective currents which destroyed the 
inverse stratification where the fluid layers on the Ixitlom of ^he tank were hotter tlrm 
those on the top. The inverse stratification was created by the internal uuik heater 
located at the l)ottom of the t;uik. The tank fluid was capaljle of storing the incoming 
energy Irom the heater for a period of eight hours. The energ>' was then suddenly 
released through the top surface of the fluid causing the shaip increase in LII9 boiloff. 
As shown in Table 10-9, the average measured boiloff rale was 18. 3'/'( lower thaji the 
predicted rate. Since the operation and the performance of the test equipment .and 
fluid system remained unchanged, the lower boiloff rale can only be explained by 
assuming that a portion of the energj' created by the Internal heater was stored 
within the fjulk of the fluid, waiting for convective currents to be carried through 
the liquld/gas interface. 

During the thermal equilibrium time of 10 hours, insulation temperatures (Table l0-5i 
and hydrogen boiloff rates (Table 10-4) were very stable ;uid within the equilibrium 
crileria. A comparison between insulation temperatures of null test no. 1 (Table 10-3) 
with till) sc of null test no. 2 indicates that the temperatures of test no. 2 are. higher 
only l)V a fraction of a degree. 

10, 1. 4. 3 Null Test No. 3 - 0. 5 to 0. 4 Watt Power Input - The objective of this test 
was lo determine the I.II2 txiiloff rate for a power input of 0.5 watt. The predicted 
boiloff rate at this ppwer level .vas 0.00428 kg/hr (0. 00941 Ib/hr), (Section 10. 1. 1). 

A loiloff rate (Figure 10-4, Sheet 3) of approximately 0.00318 kg/hr (0.007 Ib/hr) was 
achieved a^'er 10 hour.s (122 to )38 hours after 0-tinie). .An additional 24 hours (138 lo 
102 hours after 0-time) of testing increased the boiloff rate to 0. 00332 kg/hr (0. 00730 
Ib/lir). At this rate increase (i.2.5.'x’10''-’]b/lir4)erhour) the predicted boiloff rale would 
have been achieved in 221 hours, nut considering the asymptotic behavior of the 
curve to acliieve tiiermal equilibrium. In order to obtain a thermal equilibrium 
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in a reasonaijle amount of time the power level was reduced from 0.5 watt to 0. -1 wall. 
Thermal equilibrium was achieved after two hours. As shown in 'I’able 10-(i, the 
predicted boiloff rate at this power level was I I. 4'?. above the average measured 
boiloff rate. This indicates again that a portion of the incoming energy was absorbed 
by the LH 2 storage system. The mixing process was not complete. An assumption 
that energy was absorbed by the LII 2 fluid during the ortho to para cc-nversion process 
was ruled out after a discussion with Air Produces Compimy. Tills company assured 
that liquid hj'drogen is delivered to NASA ;ir.d guanuitced to be 99. 5?^ para 
hydrogen. 

10. 1.4.4 Null Test No. 4-0.2 Watt Power Input - For the Null Test No. 4 the power 
level was reduced again to 0. 2 watt to determine the repeatability of boiloff measure- 
ments at this power level. The average measured I.H 2 boiloff rate (Figure 10-4, 

Sheet 3) during the thermal equilibrium period was 4.4^ above the predicted 
boiloff. 

10. 1.5 FLOW RATE CORRECTIONS - Theoretically the null test was to provide the 
correction for any constant offset in the flow rate. It was therefore assumed that any 
flow measurement made under some standard set of environmental conditions woukl be 
inherently correct and that any further correctio -s would be made only for deviations 
from this standard environment. After the thermal performance test (Section 10.2) 
it was obvious that there was a 24 hour cycle in the measured flow rate. During the 
customized MLI testing (Section 10.3) it became obvious that there was a second 
periodic variation that coincided with the guard t<mk liquid level. An effort was made 
to derive an exact theoretical equation for correcting the How rate. Three main 
s'airces of errors and the factors that might affect them were considered. 


1. Real ch.anges in the liquid to gas transition rate inside the test tank. 


a. Creation and destruction of liquid stratification. 

b. Variations in test tank pressure. 

(1) . Temperature of Bar'*tron gage. 

(2) Temperature of Referenee volume. 

(3) Leakage from Reference volume. 

c. Test tank heater power. 

d. Guard t.-mk/tesl t:mk A temperature. 

e. Conduction through - 

(1) Instrumentation wires outside test t.onk. 

(2) Instrumentation wires inside test tank. 

(3) Leakage evacuation. 

(4) Metal walls of, and gas inside, fill and ven* lines. 

f. Radiation through fill and vent lines. 

g. Thci-mal acoustic oscillations of gas in fill ;ind vent lines. 

h. Variations in chamber pressure. 
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2. LcakaRC in or out of test tank. 

a. To vacuum chamlx;r. 

b. From pjuard tank. 

c. To atmosphere. 

d. Apparent leakafte due to temperature expansion and contraction of the gas in 
the plumbing outside the vacuum chamber. 

3. Measurement errors. 

a. Effective volume of water displacement bottle. 

b. Temperature of gas in water displacement bottle. 

c. Pressure of gas in water displacement lx>ttle. 

d. Solubility of hydrogen in II2O. 

e. Creation of water vapor in water disnlacement bottle. 

A number of these factors can be eliminated as being, 

1. Non-cyclic. 

2. Too small to be meaningful. 

3. Highly improbable. 

The correction functions for some of the remaining factors can l)e derived exactly. 
For others, the form of the correction function can be closely approximated but there 
is no w.ay to evaluate the constants. For the remaining tenns, even the forrri of the 
correction function cannot t)c determined with any certainly. It was therefore decided 
to derive the simplest empirical correction that would minimize the periodic 
variations. The resulting correction was of the form 


. r 1 

Qm „ -At- J 


where 

= flow rate corrected , (SCFH) 

Q-^j - flow rate measured , (SCFH) 

t time (hf)ur) Q.^j was taken 

*GTF (hour ) Tit last guard lank filling 

It iimbient air tcmper.ature near water bottle at t-1 

t 0-?2 




t - tQTF* ^ hours 

for 40 (t-lGXF^ hours 

Of all the environmonlal conditions ;mri test setup oiVcnilions, ihe outside air tempera- 
ture had the ovcnvhelminp correlation with Ihe 21 hour cycle. Because of thi-rmal 
incrt'i.a, a term containixig the time derivative of the air temperature might have 
provided more consistent results. For simplicity a time offset in the air temperature 
was investigated and Indeed consistent results were obtained by using the air tempera- 
ture from one hour previous. In actual use, the cxi)oncnt in this term was never 
evaluated, but instead a table of F-p (Flow Correction Factor) versus Air Terriperature 
(Table 10-11) was generated so that 

Qm Ft - A (‘-‘CTF> 


A - conslajil - 0 for 0 <( 
A = const;uit = 0. 000025 


Since the guard tank liquid level sensors w’ere discreet point go-no go, the liquid level 
was knowTt only at tlie instant it was 20, 10, <i(»or So','. Ilowtiver, these points in tim.- 
were found to be highly repeatable functions of time following guard tank fill. There- 
fore, the empirical correction factor for the guard tank li(|uid level w’as generated 
directly as a function of time. The ch.ange in the correciion factor constant at 40 hours 
was because the fill and vent line thermal traps and ihc contact with the instrumentation 
wires on the outside surface did not extend all the way to tlic top of the guard tank. As 
such, the guard titnk liquid level could drop to approximately S5'V before any significant 
increase in heat leak occurred. The standard conditions ' Qm> were at tin air 
temperature of 295. (iK (532U) and with the guarti tank liquid level greater than S'/'i . 


10, 2 THEKMAL TF.STIiNG OF TANK rKSTALLKI) Ml.l SYSTEM 


Objectives ;tnd conditions of the thermal test of the 
tank installed Ml.l system are presented in Table 
10-1. 4’his lest w'as initialed on June 21, 1975, 220 
hours after the beginning of the null test prognim. 

The follow'ing sections present the test procedures, 
test specimen preparation, test results ruul evalua- 
tion of the results, 

10.2. 1 TAN'K INSTALLED MLI TEST IMtOCEDURE- 
Thc procedure was as follows: 

1. Test tank/TPS spacing: 0. 457 m (IS in). 

2.. .Maintain environmental chronber pressure 
at less than N/m- (lO'^torr). 

Apply 0. 2 \V (0. (;.3.s BTU./hr) to the test 
lank heater and maintain this power 
level. 


Table 10-11. Flow Correction 
Factor (Fj) for Air 
Temperature “ K (° R) 


i ” 

K 


R 

K 


510 

253,3 

, 

1.070 1 

532 

295.6 

1.000 '> 

sn 

283.9 

i.uec 

533 

296. 1 

0.957 . 

512 

284.4 

I .063 

534 

296.7 

0.591 

513 

285.0 

1.060 

535 

297.1* 

0.991 1 

514 

265. C 

1.057 

536 

397.8 

0.9SS I 

515 

286. 1 

1 ,y:.4 

337 

299.3 - 

o.9fi: ' 

5)6 

286.7 

1.051 

53S 

298.9 

0.6-.J . 

.517 

287.2 

1.047 

539 

299.4 

0.970 } 

51S 


1.1*4 

S40 

300. 

0.976 i 

519 

268.3 

1.041 

! 54) 

300.6 

0.9; i ■ 

SCO 

2 .i 5 . 5 

1.035 

iiu 

301.1 

0. f'7i> J 
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•t. Maintain baffles and cryoshroud temperature at less than 27. 8K (rjOR). 

5. Heat TP.S to 289K (.920H). ' 

(j. Allow test tank to reach thermal equilibrium at a constant pressure level. 
Kquilibrium conditions are acliieved when the temperature reading of test 
tank thermocouples TC-3, -11 and -31 vary not more than rlF in 10 hours 
and the liquid hydrogen boiloff rate changes not more th.m 0.5" per hour. 

7. Measure l.ii2 boiloff rate of the test tank.. 

8. shutdown test facility. 


10. 2. 2 TEST SPECI.MEN PREPARATION - Test specimen preparation was not 
required. The thermal test of the tank installed MLI system was conducted 
immediately after the null tests without increasing the vacuum chamber pressure 
or refilling the LII9 test tank. The thermal payload simulator heater was tum> d on 
220 hours after 0-time. 


10.2.3 THERMAL TEST RESULT.S - Liquid hydrogen boiloff and temperatures of 
the tank insulation thermocouples TC-3, -11, -31 (Figure 9-3 and Table 9-1) are 
plotted in Figure 10-(i, .-iheet 1 and 2. The specified thermal payload simulator 
temperature (TC-(j2) of 289K (520R) was achieved after IS hours (233 hours after 
0-time». The test continued for 13-1 hours (372 hours after 0-iime) at which time 
the boiloff rale was 0. 0108G kg/hr (0.0239 Ib/hr) and dropping at the rate of 0. irj',V/hr 
At that time the decision was made, with concurrence of the N.ASA COR, to terminate 
the test due to the projection that additional weeks would l^e required to achieve a 
true equilibrium condition. The final 28 hours of testing resulted in an average 
measured boiloff rate of 0.0114G kg/hr (0.02521 Ib/hr), Table 10-12. Temperature 
test data at 240, 290, 344, and 372 hours after 0-time are presented i.n Table 10-13 
and 10-14. The guard tank was refilled 45 hours after the test began and indicated 
a liquid level of towards the end of the test. 


10.2.4 EVALUATION OF Table 10-12. Thermal Test of Tank Installed M LI 
THERMAL TEST RESULTS- Boiloff Data During the Final 28 Hour Period 

The drop of the test tank boil- 


off rate of 0. 15% per hour 
leads to the conclusion that 
the insulation was again out- 
gassing. Tlie temperature of 
289K (520R) at the TPS sur- 
face caused an increase in the 
temperature and pressure of 
the trapped gases within the 
MLI layers. The result was 
an increase in heat conduction 
and LH2 boiloff. Figure 10-6, 
Sheet 1 of 2 ;ind 2 of 2 shows 


Equil. jToUl Flapt9<i l.}t > 11 

Hour (Tlnie, hr • kc hr ; 

1 * 1 . hr 

Kquil^Toiai Tu 

Moui Tlinc, hr j V g h.i 

h.ff 

Ih hr : 

1 ® 

341 

' o.on::i ■ 


15 

355 

1 0. Ill ;'■» 

'■•.(VJ5S ! 

. 

345 


II. iT.'.T 

15 

3Cp 

O.irlPT 

' 1 . 02:9 : 

1 , 

3i»; 

1 o.f.K ir, j 


n 

361 

! 0 . 01 lb*' 

0.f»2:'»7 i 

! , 

317 

j 0.0115.'.) 

II. (■■’02 

18 

362 

1 0. 01 ir,j 

' 1 . ' 

•1 

318 

' n.oiin j 

•3. '-"Ol 

19 

363 

1 O.-- -V 

0.,.:-.-, ; 

i> 

■ Jl'J 

{ ' 0. or-jT 1 

0. i.-j 

20 

364 

. 0. .,177 

O.X’.'iO . 

6 

350 

t 0 . 0 '.>. j 

n. 

n 

365 

0.0115; 

0 . 1 -.%.; I 

7 

301 

1 11.011-!'.! 

|>. ■ 

22 

366 

0 . 0 m:. 

0 ...;:,: 1 

8 

352 

1 o.oirii; j 

U. 1*200 

7.1 

307 

• o.on ."2 

0..-'.>9 j 


353 

! O.OIUOI 

0. 1253 

24 

305 

0. 01 122 

0. 0:19 1 


354 

1 0. OlCdl.’ 

0.0:53 

25 

309 

! o.on:.'i 

o.-'i'tr ’ 

11 

355 

! n. tiii.-.oj 

H. 0203 

26 

:» 7 o 

0.0UTJ5 


12 

356 

1 o.oii.-.sl 

0. Q25S 

27 

37 1 

0.010V5 

0 . 024 1 

13 

357 

i 0 . 01173 I 

O.0208 

28 

372 

: o.o:o 66 

0. 0230 ' 

14 

358 

; 0. oiijr, 1 

0.0261 
i 






that the boiloff rate increased *'*• 
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Incorn^ct Reailljig 
See Section 9. 2. I 
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Incorrect nca.IInf; 
See SccUun 9. 2. 1 




















r»>r O J huurs iHjfore it startcti falling anain. The rc:^din^;s of Ihennoeouples TC-:t, -11 
;uid -:il at the outer face sheet of llie inner blanket inilieatcd a rise of the tcmjjerature 
for approximately 70 liours, •I'he temperatures remainerl at this level for additional 
20 hours before they tleereased atrair. This trend is also li-uc for the rcmaininn I'C 
rcadintts alon^; the tank as can be shorni in Fiimres 10-7 and jO-8, 'J'lie fi^^urcs are 
temperature distribution plots of 2-10, 290, 31 1 ;md ;172 hours, after 0-time. The rise 
of temperature forced the frozen Interstitial {?is moleeuU!S such as water, :dr or 
nltroscn, to va{x>rizc ivsultinp: in hijther heat transfer by conduction. A combination 
of hi(;her conciuctlon and lateral heal tiamsfer throuRli the Ml.l layers forced the MLl 
temperature to drop aKaln. A t>pical exiunple of the eombination heat tr.ansfcr is 
provided by thermocouple ‘I'C-dl, (Figure lO-c, Sheet 2 of 2). 'I'he temperature at 
that location started to fall slowl 3 ' :uul then sleeper. 'I'liis indicates a combination 
of lateral anil gaseous conduction hi;at Inuisfer. The temperature changes of TC-32 
at the inner face sheet of the injier lihmkct next to the tank were relatively small as 
e.'qwcted. 3'hc temperature variation is shown below; 

Hours After 0-Time 210 290 311 372 

Temperature 20,8(18.2) 35. (ifCl.O) 33.1(00.2) 31.1(50,5) '’K(“U) 

Figures 10-7, 10-8 :uui 10-9 show that the tem|>eralures along the outer face sheet of the 
outer bl.mkel rose most signific.mtlv in the lower hemis|)here (90 to 180 degree location) 
due to radiation heal tr.ansfer from the heated, uninsulated thermal payload simulator. 
The temperature slope of tlie remaining thennoeouples beciime sleeper at the 105 degree 
to 180 degree loc.ation, slA..'.<.'ing again the influence of gaseous conduction between the 
radiation sldclds. During the cool-off period of the radiatin'; shields the l.llo boiloff rati; 
decreased , as e^^)ected. A continuation of the lest (for d.ays or weeks) beyond 372 hours 
after 0-time would have resulted in a stabilization of the flow rates. 

The final heat flow rates were csUmtited utilizing the MLI heat transfer Equation lO-l 
(Section 10. l.'l). The calculation was performed by subdividing the t;uik in seven node 
sections for which the temperatures of the outer face sheets of Uic outer MLI l)lajikets 
were known by thermocouple nic.asuremcnts. The average temperatures (figure 9-2 
;md talMe 10- 2G) used for the c;dculations were as follows: 

TC-1 -5 ZXL -21 -2S/-29 

04.0(115.2) 60.9(125.8) 7G. 9(138.4) 101,2(182.1) 133,1(239,0) 153.2(275.7) 103.1(293.5) 

The calculation resulted in a heat flow I'ate of 0,3519 watts (1.201 BTU/hr), This cal- 
culation does not include he:it le.aks through insulation att.achments, extraneous heat 
leaks, the 0.2 watt (0.683 BTuAr) power input to the Internal heater and heal leaks 
c:tttsed b\' thermal acoustic oscillations. 

10.3 CU.S'1X)M1ZKD MLI TilEKMAI. PKHFORMANCF. TFST 

The objective of the "customized” M i.l test was to determine the thermal pcrfonnance 
of the lest t;mk insulation at a TPS temperature of 289K (.520R) ;md a Tl’S/test tank 
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spacing; of O.'iriTmflS in), 0.305m (12 in) and 0.i52m (G in). l>aring this test three 
Ml-1 blankets (Section li) were installed on the surface of tlie thermal payload simulator, 
llulli inner ;uid outer test tank M Li blankets remained on tlie test tank. The detailed 
test objectives ;uid conditions are presented in rnblc 10^1. The "customized" Ml. I 
thermal performance ta.sk was initiated on July 22, 1D7.") and complou-d on August in, 
19..). The total test time was 719 hours. This time included two mill tests, one at the 
beginning and one at the end of the test operation. .All tests were conducted utilizing 
:ui 0. 2 watt power input to the test tank heater to promote fluid mixing within ihi- tank. 

The following sections present the test procedures, test specimen prepa. ation, tost 
results :md evaluation of the test results. 

10.3. 1 t.'l'S IXJAnXED MLI TE.ST PROCEDURE - I’he procedure was as follows: 

1. Open the cnvironnienttil chamber 

2. Install the three MLI blatikcts of the TPS (Section 6), utilizing three access 
openijigs ur the ciyoshrcwd. 

3. Tank - TPS sp.'icing 0.457 m (18 In), 

4. Close environmental ehamber. 

.5. Pimp down environmental chamber to G.65 N/m^ x 10"^ (5 x i0“^ torr). 
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ch:imbei' with Glle 

7. Purple tun!; willi liot GN2 f<>«* <> ly^urs at a tc'niporaturc of ;5U:JK (GOOH) miuv. 

-n . , 2 -G . 

8. Pump clown onvironinontal rluimber to l.ii.'lxiO N/m (IxlO ton). 

9. Cool batflos, cryoshrouci ;mcl TPS surfact* lemptM'atures Ix^low 27. 8K (501{) 
:uhI maintain lliese temperatures. 

10. Fill test tank with 1-II2- 

11. .\pi>l,v 0. 2 \V (0. (>83 IlTlJ/hr) to the test tank heater and maintain this power 
level durinj^ the ludl :\nd eustomized Mi.l testinR. 

12. Allow test t:mk fluid to reach thermal ef|uilil",ium at a constiuit pressure 
level. Kquilil)rium conditions are achlt'ved when the temperature rc.adinR 
of thermocou|)les TC-2‘.» (FiRure 9-2), TC-38, -17, :uid-r>3 ( h'ipurc 9-4) 
van' not more th;ui ; 0. GaK (tlF) during a 10 hour lest period ;mci the LII2 
tiolloff rale chcuiRcs not n>orc than 0..')',' p>er hour. 

-4 2 

t.3. Maintain environmental ch;unl)er pressure at less th;m 1. 33 X 10 N/m 
(IX 10 ton). 

I t. .Maintain baffles, cr>'oshroud, and I'PS surface at less th.-ut 27. 8K (5011). 

la. Conduct initial null te.st. Check that the boiloff rate at the 0.2 \V |X)wer 

level aRTces with the previous l>oiloff rates ol)tained durinR the? previous null 
testiiiR (.Section 10.1.3.2). 

l(i. Heat up TP.S to 2S9K (52015). 

17. Allow test tank fluid to reach equilibrium usinR the s:unc criteria as required 
in Step 12. Determine I.II2 boiloff rates for customized Ml I Test N'o. 1. 

18. Adjust TPS/test t;ink S()acinR to 0.30.j m (12 in). 

19. Maintain TPS temperature .at 289K (52015). 

20. Allow test tank fluid to reach equilibritim usiiiR the same criteria as 
reciuircd in Step 12. DctciTiiine I.H2 l>oiloff rales for customized .MLI 
Test No. 2. 

21. .Adjust TPS/test l:mk spacinR to 0.152 m (G ui). 

22. Maintain 'TPS temperature at 239K (520R). 

23. .Allow test tank fluid to reach equilibrium usiiiR the s.amc criteria as 
re(|uirc(l in Step 12. Determine I.II2 boiloff rates for customized Ml.l 
Test No. 3. 
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21. Comlucl final null lc.st. Ilcpcat Step IG. 

25. Shut down lest facility. 

10.3. 2 TKST SPKCIMKN PHKPAHATfON - After cor *dctipn of the "Tank Installed MLI" 
thermal test (Section 10.2), the vacuum chamber was opened. Three pie-fabricated 
MLI bLuikets (Section (I) were installed on the TPS surface utilizing thice access open- 
ings in the ciyoshroud. These blankets were required for the "Customized MLI" 
thermal performimce test. While the vacuum chamber was open, thermocouples TC- 
181 and TC-182 (Figure 9-.’l :uid Table 9-1) were added 0.33 m (13 iji) and 0.381 (15 in), 
from the outer edge of the cryoshroud lid. Thermocouples TC-183, -'•81 imd -185 were 
installed 0. 089 m (3.5 In), 0. 239 m (9.-1 in) and 0. 68 (i m (27 in) from the outer edge of 
the TPS. 

The vacuum chamixjr was then closed and preparetl for pump down, A series of purging 
and evacuation cycles were initiated to remove condensible gases from the .MLI and 
vacuum facility. Luring the initial pump dowm on luly 11 , 1975, the vacuum chamber 
was evacuated from atmospheric pressure to a pressure of approximately 199. 5 N/m" 

(1.5 torr) utilizing two mechanical vacuum pumps. The clrunber \vas back filled with 
gaseous lielium to a pressure of 13.8kN/m“ (2. 0 psia)and left in this condition until .July 
11, 1975. fsing the mechanical pumping system, the chamlx-'r pressure was reduced 
iluring that day to •Ki.aGW/m- (0.35 torr). Towards the end of the working day, the 
chambt'r was back fillcil with gaseous helium to 13.8 kN/m- ( 2.0 psia). It remained 
this pressure during the night. On July 15, the cluuntx'r was piunped down to a pressure 
of 0.53i\'/m- ( 0 . 001 torr) utilizing both the mechanical :uul diffusion pum|is. 'Die cliaml)cr 
was pressurized again to 13. 8 kN/m- (2. Opsia) and left m this condition until the morning 
of July Hi, l!)75. During this clay the test tank was heated with gaseous nitrogen for a 
period of (i hours, at an inlet gas tcm[)cralurc of ;53l. IK (G20R) and a gas flow rate of 
7. 09 kg/hr (15. (>lb/hr). The thermal payload simulator surface was kept at a tempera- 
ture of 337. 2K ((i07R). At the end of this day the chamber was evacuated to 7.38 • lO"'* 

(0 •• 10 “d lore) ;incl then back filled with Glle to a pressure of 13. 3 kN/m- (2.0 psia). 
l liamlx,'r evacuation and back filling of the chaniber witli gaseous helium was repeated 
during July 17 and 18. The chamber remained under a helium pressure of 13. S kN/ni- 
(2. 0 psia) din-iiig July 19 and 20. On July 21 the chamlier was evacuated to 5. 32 • 10 - ! 
N/m-( l.> It. ’ torr) utilizing tlic diffusion pump and cold trap. 

10.3.3 CUSTOMIZKD MLI TKST RFSL'LTS - 

10.3.3. 1 Initial Null Test - rhe actual test activity starlcc' m July 22, 1975 with the initi- 
ation of a null test. 'I’hc; spacing between 'IT’S and test tank was 0. 157 m (13 in). After 
filling the cryoshi’oud, names, 'I'l’S^guard tank and lest t;mk with liciuid hydrogen the cryo- 
shroud vacuum pressure was approximately 5.32 ■ 10"'’N/m“ ( ! ■ lO" ' torr). I’ower ininit 
to the? test tank was maintained at 0.2 watts. Forty seven hours after 0-timeitwas dcHdi’d 

to back fill tlie chamber with gaseous helium to a pressure of 20. 0 N/m- (0. 2 torr) in order to 
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establish a hiRh heat tnuisfcr rate to obtain a qu'ck chillciown of the MLI. The rapid 
temperature drop indicated by the TPS-MLI thermocouples TC-38, -17 and -f>3 (rij^urc 
9-5) :uid the test t:mU ^lLI th^ .mocouples lc-29 is slxjwn in Figure 10- 10, Sheet 1. 

This, teclmique reduces the long hold time which is otherwise necessan’ to achieve Ihenual 
equilibrium. A vacuum pressure of 1.33x lO”'^ N/m“ (1 lO'^’torr) was recovered after 3 
hours. The null test was conducted for 91 hours (Figure 10-10, Sheet 1 and 2) at which time 
the boiloff rate was 0.00278 kg/hr (0.00612 Ib/hr) and dropping at the rate of 0.2'.i per 
hour. A', that time the decision was made with the concurrence of the NAS.A COR to 
terminate the null test. Temperature changes of the selected thermocouples :uid the 
decrease of the boiloF latc were within the test criteria for the final K> hours of te.‘5‘ing 
(75 hours to 91 hours :iftcr 0-time). This period was therefore selected as the 
thermal equilibrium period. The Lll2 boiloff d.ata are shown in Table 10-15. 

The average boiloff rate during this time was 0.00283 kg/hr (0.00623 Ib/hr). 

Temperature distribution data at beginning and end of the theiTiial equilibrium period 
are presented in Table 10-16. 


10.3.3,2 Thennal 7'est No. 1, 0. 157 m (18 in) TPS/Test Tank Spacing - The tempera- 
ture of the thermal payload simulator was raised to the required 283. 9K (520R) on 
July 26, 1975 to start the first customized MLI thermal iierformancc lest (Figure 10-10, 
Sheets 2 and 3) with the spacing of 0. 157 m (18 in) between TPS :uid test tajik. The 
power input to the test tank heater was maintained at 0.2 watts. The test was completed 
on August 4, 1975. The thermal ec|uilibrium period lK‘g:m 238 hours after 0-timc (Figure 
10-10, Sheet 4) and was continued for 73 hours (Figure 10-10, Sheet 5). The average 
boiloff rate during the -quilibrium period was 0. 00355 kg/hr (0. 00730 Ib/hr). Liquid 
hydrogen boiloff rates and temperatures are shown in Table 10-17, 10-18, and Figure 
10-10, Sheets 1 through 5. 


Table 10-15. Initial Null Test - 
0. 2 Watt Power Input, Boil- 
off Data During the Thermal 
Fquilibrium Period 
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10.3.3.3 Thermal Test No. 2, 0.305 m (12 in) TPS/Test 
Tank Spacing - The TPS was moved from the 0. 4 57 m 
(18 in) to the 0.305 m(12in) position bn 4 August 1975, 
315 hours after 0-time. Except for the TPS position, 
the test conditions were the same as those of thennal 
test no. 1. The thermal equilibrium period beg;ui 429 
hours after 0-time, (Figure 10-10, Sheet 7) and continued 
for 51 hours until 480 liours after 0-time (Figure 10-10, 
sheet 7) on 11 August 1975. 

'I'he average boiloff rale during the equilibrium period 
was 0.00358 kg/hr (0. 007S8 Ib/hr). Boiloff rales for 
each hour of testing are shown in Table 10-19. The 
• emperaturo of MLI thcmiocouples TC-53, 17, 38 :uid 
2.9 and the TPS temperature ('J'C-18.'!) ■,cc prcsenteii in 
Figure 10-10, .Shccl.s 5 through 7. Temperature itislri- 
bution data at the beginning :uul end of the thermal 
equilibrium period are shown in Tal)le 10-20. 
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I'ijxurc 10-10. Custon-.izcti MI. I Thermal Test - Initial Null Test Thermal llquilibrlum and Start of Customized MLl 
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l'i; 4 iirf 10-10. Customized .MLI ThcniKil Test - KquiUbriinri I’criocl of Test Mo. 2, O.oO.j m (12 in) TPS/Test 
Spnoins; :m(! .Start o.' Tc.st ,.\o. M, 0. ir>2 ii'. (t-- in) .TPS/Test T;mk .Spacing;' (Plupsed Mns: 1 15. to 
Slieet 7 of 10 
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I'ipiri' Ciislntr. izt'fi MI. I 'riu.’ini;ii 'l'{•.st t'Klapsi'il Hours: (i2ri to 710) - Final Null Test - Sheet 10 of 10 
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! • » 17.*1 

42.4 


i«.7 

j; a-. 9 : 

• n : . :i 


•2 IT. « 

2i.4 (-111. 7 

19. 1 


M.o 

.! l>'-99 

-1 li. . 

( 4'i.3 

•217. & 

:-j.7 ' - 411.2 

4 :.. - 


'.2. J 

■.*0.7 ij I'l' •.»y 

-I3...:i 

j .39.7 

-Til. 2 

33.0 J -130.3 

29. 7 

1 

Vl. - 

.1.' j 1>--1"0 

•41.-. .1 

, i:.7 


2'..r. 

4 7,2 


H.:i 

2».9 j IC MM 


1 41.0 

•Vls.S 

21.4 ( -4 15.0 

41. (1 


49. ii 

22 .*. rC-l *'2 

i IV-H'3 

- 1 li». 1 

! 40.9 

-340.5 

..i 

22.7 

i(*. r. 

•3 

12.2 

31. <• 1 rc- i<‘i 

• J J?.’# 

i 41. 1 

-2:.o. 4 

.■3.S ;-ii9 . 1 

It., s 


4.7. 1 

30. 4 j |C-I«»3 

• 1 »**. 

' 'll. 1 

■27r. ! 

22.5 ;-U9.3 

40.7 


<-•.3 

3i'.y ( TlM'i*. 

-4 i*j. ;» 

; 

• L'CiU. 

22. C l - HO. f. 

4«.. 

- 

U.-J 

:ii.:i 1 ic-i«*T 

-« 1 .-, 

i 11.4 

- •■:o •• 

2.1. U j-1.19. 1 

4tf. 9 


12, 1 

31. 1 j -f"* 

1 1. 1 ; 

• IH.2 

41. 6 

u 

2.1. 2 ’ iVi.y 

11.4 


42.2 

7 

4 : 1,3 

•2:9.2 

24.0 . - 4 I 1..3 

43. : 

. 

11.7 

.11. y ; iv-no 

-IJ-.7 

i 11.3 


22.9 s-lH.9 

11.1 

. 

)>.. 

l'!f. - J 1 1 - 1 1 1 


! 11.1 

- 34 ... 4 

ry.6 • - 419. J 
2 : 1 . 4 ^-4 JT.6 

40 . 9 


44.3 

j 1C- 112 


i 12.2 

• 2C .9 

12. 4 


13. (4 

39.1 i ii -iij 

• U - . 2 

! 11.9 

•-27C.O 

21.2 ’-42!<.u 

12. 0 


14. g 

24. 4 -1 ««‘*n4 

- • 9 

i-13.1 

-249. 3 

23.9 *- ;|0. 9 

43. I 


• 3.9 

• 39 ..I { 11 -IK. 

•• 

i 


•• 



ll.i 

2S.7 1 It’-Uti 
*1 T ; 7C-U7 

• M7. !. 

i '■■■■' 
1 

-219. h 

73. C ^-417. i 

} 



1C 

1-2 

M 


1C 

- 1:«J 


14. C 

7a. 0 ; 

•4n-J. 9 

Id. 6 

•2 1 . C ' 

• u:..c 

M. ? 

35 . 0 . 

-11.9 . 1 


















Table ttt-17. Cuslomi/ifl Ml. I Tlu'tnial tVsl N<>. 1, 0.'ir>7 r.i (IT. in) Tl’S/Tcst 

T:uik Spacing. Ib’iiolf nat;i During llie Tlii nnal Kfiuilibrium Pin iiMl 


Kqull. 

Hour 

Total 
Klap.icd 
Time, hrs 







0 

238 

0. 00355 

0.00730 j 

37 

275 

0. 00359 

0.00789 

1 

239 

0.00355 

0. 00780 1 

38 

276 

0. 00.356 

0.00735 

2 

240 

0.00.360 

0. 00792 i 

. 39 

277 

0.00356 

0.00733 . 

3 

241 

0.00355 

0.007.90 1 

40 

279 

0.00355 

0. 007 8 0 

4 

242 

0. 00359 

0. 007.99 . i 

.1 

279 

0. 00355 

0.00780 

5 

243 

0.00355 

0.007.90 i 

42 

230 

0.00347 

0. 00764 

6 

244 

0. 00330 

0.00771 j 

43 

281 

0.00357 

0.00786 

7 


0.00355 

0.007SO I 

44 

282 

0. 00.350 

0.00771 

8 


0. 00359 

0.00799 i 

45 

29.3 

0.00.359 

0.00739 

9 


0. 00356 

0.00733 J 

46 

294 

0.0035C 

0. 00783 

10 


0.00357 

0.007S6 j| 47 

285 

0. 00.353 

0.00777 

11 


0.00359 

0.00769 !| 48 

286 

0. 00359 

0.007S9 

12 

250 

0. 00367 

0.003(1.3 : 

19 

287 

0. 00360 

0. 00792 

13 

251 

0. 00360 

0.00792 ] 

50 

288 

0. 00359 

0.00789 

14 

252 

0. 00356 

0.00793 : 

51 

299 

0. 00362 

0.00796 

15 

253 

0.00352 

0.00774 ! 

52 

290 

0. 0035i> 

0.00733 

16 

254 

0. 00.355 

0. 007.90 

5.3 

291 

0. 00359 

0. 00789 

17 

255 

0. 00349 

0. 0076S i 

54 

2S2 

0. 00357 

0.007S6 

18 

256 

0. 00352 

0.00774 

50 

293 

0.00353 

0.00777 

19 

257 

0.00.349 


56 

294 

0. 00350 

0.00771 

20 

259 


0. 00769 

57 

295 

0. 0034 5 

0. 00758 

21 

2.59 

, 0,00350 

0.00771 

58 

296 

0.00336 

0.00739 

22 

260 

0. 00350 


i 

297 

0.00312 

0. 00752 

23 

261 

0.00347 


mm 

298 

0. 003.59 

0. 007 89 

24 

2(*2 



f 61 

299 

0.00352 

6.00774 

25 

263 



j 62 

300 

0. 00352 

0. 00774 

26 

264 


0. 00739 

1 63 

301 

0. 00352 

0. 00774 

27 

265 


0. 007 S6 

64 

302 

0. 00352 

0.00774 

28 

266 



r»5 

303 

0. 00353 

0.00777 

29 

267 

0. 00355 

0. 007.SO 


301 

0.00350 

0.00771 

.30 

263 

0. 00353 

0. 00777 

(»7 

305 

0.00352 

0. 00774 

31 

269 

0. 00353 

0. 00777 

6R 

30U 

0. 00.350 

0. 00771 

32 

270 

0. 00357 

0. 00796 

69 

307 

0.00352 

0.00774 

33 

'’T I 

0. oo.to.l 

0.007;)9 

70 

.305 

0.00349 

0. 00769 

31 


0. 01.1366 

0. 00SO5 

71 

309 

0. 00.356 

0. 00783 


27.1 

0. 00357 

0. 0 (» 7 .sr> 

72 

310 

0.003G2 

0. 00796 


m 

0.00365 

0. 0OSO2 

73 

311 

0.00357 

0. 00786 


Average iUilloff; 0.01)305 kg/hr (0. 0O7S0 Ib/hr) 



lO-'U; 


















Table 10-18. 'Test Data at Mef^innin;; and Knd of the 'Thenn.il l•.■()uilil)riunl I’eriod of 
'I'est No. 1 During the Customized Ml. I Perfonnajice I'esilnK 

















































Tiihlc 10-19. Customized ML{ Thermal Test No. 2, 0..‘J0o in (12 in) 

Tl‘S/Test Tans Spacin", lAoiloff |):ita Durini; the rhennul 
I'.quilibrium Period 


Equil. 

Hour 

Total 
Elapsed 
Time, hr s 

LH-2 

Ug/hr 

lollotf 
lb/ hr 

EquU. 

Hour 

Total 

Elapsed 

Tlme.hrs 

LHo Bo 
kg/hr 

loff 

Ib/hr 

0 

429 

0.00359 

0.00730 

26 

455 

0.00355 

0.00780 

1 

430 

0.003GO 

0. 00792 

27 

456 

0.00357 

0. 00786 

2 

431 

0.00360 

0. 00792 

28 

457 

0.00359 

0.00789 

3 

432 

0.00359 

0.00789 

29 

45 

0.00362 

0. 00796 

4 

433 

0.00362 

0.00796 

30 

459 

0.00360 

0. 00792 

S 

434 

0.00356 

0.00783 

31 

460 

0.003GC 

0.00783 

6 

435 

0. 00362 

0.00796 

32 

461 

0.00355 

0.00780 

7 

436 

0.00360 

0.0O792 

33 

462 

0.00365 

0.00802 

8 

•;37 

0.00363 

0.00799 

34 

463 

0. 00362 

0.00796 

9 


0. 00365 

0, 00802 

35 

464 

0.00362 

0.00796 

10 

439 

0. 00365 

0. 00802 

36 

465 

0. 00363 

0.00799 

11 

440 

0. 00359 

0. 00789 

37 

466 

0. 00362 

0. 00796 

12 

441 

0 . 00356 

0. 00733 

38 

467 

0. 00359 

0. 00789 

13 

442 

0. 00357 

0 . 00786 

39 

468 

0. 00359 

0. 007S9 

14 

443 

0. 00355 

0. 30780 

40 

469 

0. 00359 

0.00789 

15 

444 

0. 00359 

0. 00739 

41 

470 

0.00360 

0. 00792 

1C 

445 

0.00357 

0. 00786 

42 

471 

0. 01356 

0. 00783 

17 

446 

0.00356 

0. 00783 

43 

472 

0.00359 

0. 00789 

18 

447 

0. 00353 

0.00777 

44 

473 

0.00359 

0.00789 

19 

448 

0.00356 

0.00783 

45 

474 

0.00360 

0. 00792 

20 

449 

0.09353 

0.00777 

46 

475 

0.00356 

0.00783 

21 

450 

0.00356 

0. C0783 

47 

476 

0.00359 

0.00789 

oo 

451 

0.00352 

0. 00774 

48 

477 

0.00355 

0.00780 

23 

432 

0.00355 

0. 00780 

49 

478 

0.00359 

0.00789 

24 

153 

0.00347 

0.00764 

50 

479 

0.00362 

0.00796 

25 

454 

0,00352 

• 

0 . 007 74 

51 

480 

0. 003CG 

0. 00805 

■ Average Boiloff: 

0. 00358 kg,' 

hr (0.00788 II 

j/hr) 
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Table 10-20. Test D.-ita UeginninK ' of the Themial Equilibrium Period of Test No. 2 
DurinK the Customi/'. 5L1 Thc> Perfom;;u'.ce Tesiinj^ 


IVclnnlnji - 429 H'»ur;i Aftrr 0-Tline ^ 

Cr.-i 

- 4.50 ll'jtjr*! 4!U r 

O-Time 


i - 129 Hkoth /fu 

r O-TlitJC 

1 

-■ 

rn»l - 

90 Hourti Alter 0 

-TiCi*- 


*r 

•H 


•K j 


• It 

•c ; -K ; 

-K 

* It 


• 1: i- • r 


•c 1 -i: 

TC-1 

-4M.3 

49.7 

-21 ^ 

:-.i j 

• 4 l'». 5 

19. i 

-2i:.-7 

”7.i - 


fiO. 7 

520. 7 

1ft. 1’ 

:ft9.3 

02.7 

5:2.7 

11. * 

29^1.4 

TC-2 

•41«.ii 

4.1. 5 

f!. 0 


•415. H 

n.2 


24.6 J 

;c-5S 

57.4 

:-.i:.4 

11.2 

247.4 f ^9.2 

51*1.2 

15.; 

2.-.'4.4 

TC-3 

-416.5 

43.5 

-24a. 0 

-M :• : 

-4 15. - 

n,4 

.:,-..5 

24. 7 

ic-59 

<■.'1.7 

520.7 

I'l. 1 

■_ft9.3 S C3.0 

5? 7.0 

17. 4 


TC- i 

-419.5 

41.5 

-25f. 1 


-117.6 

42. 2 

-:i9. ft 

1*3. 4 ^ 

IC-60 

to.i 

-r. 7 

10. 1 

::5.3 li 

522. 7 

17.3 

290.4 

TC-S 

-411.9 

49. 2 

-241.. 4 


- 4 1 1 . 0 

49. 0 

- V4•^. 0 

27.2 !( 

IV-ftl 

61.9 

521.9 

10.7 

289.9 1 62. C 

.S22, 6 

17. \ 

290.3 

TC-C 

-4 IK. 2 

43. - 


21 ; 

- 4 I 4 . i 

1 

! 

:5. 1 

■rc-'-.: 

'.1.3 

521.3 

16. 4 


62. 1 

522. 1 

lti.9 

?yj. 1 

TC-7 

-4 17. it 

1.5.0 


2.1 i ! 

• 4 1C. 3 

4.1.7 

9 

2 •• 2 

TC -f.l 

•.0.0 

.520. 6 

10. 0 

2.-:*J. 

Cl. 5 

521.5 

.3.5 

2-f. : 

TC-8 

-lit 9 

4.5. 1 

-213. 1 

:f-.i ! 

-4ll!.0 

n n 


20.7 , 

rc-o; 

5-.9 

Sli.S 

u. 1 

2 *?.1 

CO. 5 

520.5 

ic.ft 

2:'J.2 

TC-9 

-no. 5 

49. 2 

•2 15. S 

•j: .1 : 

• I lO. 0 

:.0. 0 

-*245. t 

27. -5 . 

io*-*;5 


hti.7 

15. 0 

284.2 

• 59.9 

5 •'*, 9 

15. •; 

28i.0 

TC-IO 

• 




• 



? 

■J'l.'-t.u 

6i.*l 

521 8 

lu.7 

29'.».9 

62.7 

52*2. 7 

17.2 

290.4 

rc - \ \ 

-41C.5 

43. 5 

-249. & 

: • i 

•415. 5 

41.5 

-:4ft.-- 

:t.7 ■ 

7C-t;7 

-113.7 

3 .0, J 

-SO. 8 

192.4 

-113.7 

3IG.5 

-8-J.0 

152.4 

it:-i2 

-41.9. 1 

41.6 

•250. 1 

2.;. ; ■ 

- 117.3 

4 2.7 

-24*.*. 5 

23.7 Jlr-'-.H 

•• 




.. 




If - J3 

• 




• 



• 

tt‘ -71 









TC- 11 

-<n.o 

43. 0 

-Hi. .1 

23. J 

I -1 . 0 

44. <7 

-:i«. ft 

24.4 1 

rC-72 

65.4 

525.4 

18. 1 

291.3 

i 74.9 

534.9 

24.' 

297.2 

TC-15 

-41ft.: 

43. 9 

-:h.9 

24. 3 • 

-U... 1 

It. 9 

-:ift.3 

21.9 , 

TC-73 

65.8 

525. 8 

19.9 

292. 1 

75. s 

535.8 

24.5 

1-37.7 

TC- l»i 

• -IM.5 

41. 5 


! 

•4*7 3 

42. 3 

-1*49.*, 

21. 0 rc -74 

64,3 

524.5 

13.2 

2'3I.4 

74. S 

521.9 

24. 0 


TC- 17 

-•51?. 6 

47. 1 

9 

26.3 ! 

-ni. 1 

4.4.7 

-24n. 1 

27.1 ! 

TC-75 

I»lflu9W>n )'u:np 







TC-H 

-UC.9 

43. 1 

3 

:3.9 i 

-4J > t. 

11,0 


24.4 ! 

Ti:-76 

29.7 

4 89.7 

-I. ! 

272. 1 

29.7 

4?9.7 

-1. 1 

?72. 1 

Ti-19 

-417.3 

42.7 

-243.3 

23.7 j 

-41-..7 

4:;. 3 

•:io.i 

21.1 ; 

IC-77 

1CV4.4 

4 

40.4 

:il3. C 

103.7 

Sft3.7 

4''.0 

313.: 

TC-20 

-113. 1 

U.6 

-250. 1 

:3. 1 j 

-4lSi 0 

42.0 


2.1.. 1 ! 

TC-74 

Ct.6 

521.0 

19.4 

■231.0 

72.0, 

5.';2. 6 

7 

25a. 9 

IC-2? 

-4i;*.<) 

4 9. 0 

-216.5 

2U.7 j 

-411.3 

4S.7 


2T.V ' 

'n;-?*» 

-315.4 

144.6 

-192.9 

80. 3 

-314. e 

115.2 

-192.‘ 

80.7 

TC-:*: 

■ -15 7.0 

13. 0 


2J.9 , 

•lib. 5 

43.5 

-:i5. 0 

24.2 : 

TC-OO 

‘ -.7 

520.7 

ly.-l 

239.3 

75.4 

535. 4 

24.. 

257.4 

TC • 

-nr,.: 

4 3. 4 

-2i5.9 

21.3 

-415.0 

4 1.4 

-218.5 

21.7 i 

J, 

. . 




•• 




TC-?» 

4 

4 1,6 

•250 1 

'm, 1 i 

-4 17,0 

42. 4 

-21'.'. •; 

23. r. ! 

to -91 





' 




TC-2b 

-41V.3 

47.7 


20.5 ' 

-411.5 

4''. 5 

. l* .t 1 


TC •'*2 

• -1 1 .*•. 2 

*.I.M 

-24.4.9 

24.3 

-414.5 

45. 5 

-•.’4;. 9 

25.3 

TC-2'J 

-nr..: 

.43. ■) 

•2 45. 9 

:i,3 i 

-4.15.6 


-2 4S.6 

2 4.6 • 

IC-M.t 

• -: : f. 

4t.4 

21.ft.5 

:i.7 

-414.7 

45.3 

•242.0 

25.2 

•rc-27 

•416.5 

43. 5 

-219.0 

:i.2 : 

-415.8 

44.: 

-II 3. 6 

24.0 • 



4-4. •, 

-;'4.4. 4 

'24.6 

-4H.0 

46.0 

-'247.6 

'25. € 


• 



! 

• 



1 

TC-yr. 

• 6 

44. 4 

- 2 1 ? . 5 

21.7 

-415.2 

41,9 

•215.2 

24.9 


-41?. 0 

4d.O 

•216.3 

2ft. 7 j 

-4)1.8 

44.2 

-210.4 

26.8 ;|TC-96 

• 4 1.-. K 

44.4 

-2 4d. 5 

24.7 

-414.9 

45. 1 

-248. J 

25. 1 

BiC-30 

-416.7 

4.1..1 

•24j, 1 

21.1 i 

-116.2 

4,*!. « 

•24K.9 

21.3 i 

Tc-97 

•tl.'.f 

17.0 

-247. ;• 

20.1 

-411.8 

48.2 

-216.4 

26.6 

^TC-21 

-tl5.6 

44.4 

-214. *. 

■ 21.7 * 

•414.9 

45. 1 

-213. 1 

23. : . 

Tl'-i") 

- ^ 5 . 5 


-240. .1 

26.9 

-411.0 

49.0 

-240.0 

27.2 

TC-3? 

-414.9 

41, 1 

■ :5'...A 

22.8 I 

-414. 0 

42.0 

-243.9 

.'’3.3** 

T;:-99 

- ; j K. 0 

•t2.0 

-219.9 

::i.3 

• 11 ft. 9 

12.1 

-'.SJ.3 

23.9 

TC -33 

-312.2 

U7.9 

-191. 1 

92. 1 j 

•312.0 

21:. n 

-191.0 

-2.2 : 

rc - )«-' 

-4*'*i.*9 

51. 1 

-tru.S 

2S.4 

’•407.0 

52.4 

-24(. 1 

29.1 

■fC-34 

-412.9 


-247. 0 

20.2 

-n::. 

47.9 

-2ir,..i 

20.0 . 

TC-l'll 

-t;.4.2 

40. ft 

•'217.2 

M.O 

-412. 0 

. 48. 0 

•2U). .■ 

2k. 7 

TC-S.*-' 

-411.7 

45.3 

-:h.o 

25.2 : 

-113,5 

4 6. 1 

-217.0 

2 . . 0 • 

K • 1*2 

-If T5 

72.5 

•V.V2. 9 

40.3 

-'397. 5 

72.5 

-232. 9 

10.3 

TC'.'JC 

•• 



; 







41. 0 

-219. 3 

:j.9 


■ 



1C-37 

-37U..S 

89. 5 

•22J. 5 

.9.7 1 

-170. 2 

C$.B 

-223. .1 

49,5 ; 

TC- 1-1 

-117.0 

'3. 0 

-*249. 3 

23.5 J-II5.9' 

44.2 

-2-i3.6 

24.. • 

TC-3S 

-370.fi 

69.4 

1. 3 

49.7 ' 

-37“. 2 

r>9. 8 

•22.4. 1 

49.9 

1C-I1.3 

-417.0 

43. 0 

•219. 3 

21.9 •• -410.0 

41.0 

-240.6 

24.4 

TC-.19 

-.170.2 

99. 9 

•223. 3 

49.9 1 

-509. 0 

90, 4 

-221. «| 50.2 

ii-ini; 

-417.3 


♦21*3.5 


-416. 2 

43.3 

-249. 9 

21.2 

TC-^0 

-j- 5.7 

90. 3 

-.123. 0 

30.2 ! 

-3i,.l. 3 

90. 7 

-.•2.'.'l 

50.4 • 

i(;-io7 

-410.9 

43. 1 

-219. 3 

23.9 

-41C. 0 

44.0 

-249.8 

24.4 

14-41 

-:i»9.9 

I'U. 1 

-223. 1 

50. 1 ‘ 

-309. 4 

50,.; 

-222.9 

50.3 

l'.-l')9 

-410. 2 

43.0 

r 2 45.9 

? 1 . .1 

-415. 1 

4 1.9 

-2 49.3 

2t.9 

TC-IV 

-3o9.9 

90. j 

•223. 1 

ME 1 • 

-3t.?.3 

50. 7 


5C. 4 


-M.1.9 

46. 1 

-217. r. 

25.6 

-413.0 

47.(1 

-247. 1 

26. 1 

TC-13 

4 

91. 6 


30.9 1 

-107.9 

3?. 1 

222. 0 

51.2 

TC-m 

-4IC.2 

43. 0 

-21S.9 

24 . 3 

-415. 5 

41.5 

-240.5 

24.7 

TC-^^ 

-2 to. 4 

219. 6 

-I.M.: 

122.0 1 

-2 Hi. 2 

219. 0 

-i:,i.: 

1:2.1 . 

1C-1U 

-415.3 

41.2 

-219. C 

21.6 

-411.9 

45. 1 

-248. 1 

25. 1 

TC-li 

-210.4 

219. 6 

-IM. 2 

l?'J.O J 

-219.7 

2:-‘)..1 

- i:-o. 9 

1:2. 4 

1C-U2 

-415.2 

44.0 

-2 :■*. 3 

24.9 

■414.0 

45.0 

-217.6 

:5.6 

TC-IC 

-?o4. 7 

2?t. 3 

-i.'.r..:t 

l.f2.9 . 


?'■ . 

- 15". 1 

122. 1 

IC-li3 

-IJ4.5 

45.5 

• 217. 9 

•J5.3 

11.5 

4ft. 5 

-2 47. 1 

:i.s 

. rc-n 

K 

220. 1 

-150.8 

122.4 « 

-:.".5..'» 


ir.u.f- 


r*:-ni 

-41). 6 

4S. 4 

210, 1 

•:..9 

-110.5 

t... 5 

-'24 5. T 

::.5 

TC-»9 

-1'39. 0 

221. 0 

- 150. 4 

1:2. t 

•1*14. 7 


- 1L'». 3 

ijj.y 

IC l!% 

• 








TC - I’J 

-234. 2 

221. 8 

- 150. 0 


-2 3 7. 

222, 2 

- 1 fc e 

!13. 4 ‘ 

11-110 

-413.0 

47. 0 

•217. 1 

2ft. 1 

-411, ft 

48.2 

-24*1. 4 

:o.j 

TC - 

-I'.l. 1 

Xil..’-, 

-7.'i. G 

t‘.*7.K 1 

- i'M. 2 

I'.'., i 

- 7.7. 0 

J97.7 

n-117 

• « 









- luO. 2 

3:.n. ri 

-Tft.3 

194.9 ! 

-106.9 

3,'.l. I 

-74. 1 

195. ! 

K* - 127 









•I t'-5V 

-114. 7 

3t5. 3 

-91.1 . 

l‘‘l ’ 

-ni.o 

••ito. 5 

-■^1.3 

lO’.'J 

IC-l-i 

-107.5 

52.2 

-241. i 

29.0 

- |05. 1 

51.9 

•21.'. 7 

31. 5 

TC-M 

-I'O.O 

Jj**. t 

-75. 2 

194.0 ! 

-i*ii 4 


1 

W'. 1 

iC-l-: 

-107.5 

52.5 

-•-■<3.9 

2'4. 4 

-lOO.O 

54. 0 

•24.C 2 

30.0 

TCfil 

• 



1 

• 




; c - 1 =1 

59. S 

515. 9 

15. C 

2-9. 9 

60. 0 

5:0.0 

15. 7 

2 = 1.? 

TC-Sj 

-112.2 

317. 4 

0 

19.1. 2 ‘ 

- 1 » 1 . 0 

315 0 

-79. :i 

1?1.'* 

r> i*ii 

S'*. 9 

M9.9 

15. 6 

■■■ftft.5 

60.4 

5?>'.4 

15.9 

299. 1 

TC-5'1 

55. y 

M9,y 

15. 1 

2.4d. 3 

9 

r.2:.9 

17..1 

-'9*1.5 

7* -1:5 

»l*l, *j 

;.:o. 0 

IC.O 

2 r.i.2 

6 C.T 

5?0.7 

ift. I 

2=9.3 


• , lr.r»»rr» :-i Ilej.J.i.i: 
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■|’tu-in;:il Tosl No. .‘3, 0.133m (G in) TI’.S/Tcst Tank Spacin'^ - The Ti’.S was 
moved from the 0.303 m (113 in) (o the 0.133 m (G in) tiosilion on 1 1 AaeM.st 1;»73, '100 
hoiiis .afior n-iime. K.xcept for llio TPS posilifm, llic test conditions ucre the s;unc as 
those of Ll^ennal test No. 1. The thennal equilila iuni period Ije^.in 301 iiunrs aflei- 0- 
time (Figure lo-lO, Slieel S) and continued for 101 hours hour.s until 002 liours after 
i-time (Figure 10-10, Sheet 01 on 1(> August 107.3. Tlie average lx)Lloff rale (iui'ing llie 
e(|Uilibrium period was 0. OO.daO kg/hr (0.007'.)1 Hv'lir). Hoiloff rates foi- each hour of 
testing arc sliown in Table 10-21. Tiu; temperatures of Ml.! thermoeou|jles lC-3;5, 17, 
.‘IS, :uid 20 :ind the TINS temperature (TC-133) arc shown in I'igure lo-lO, Sheets 7 
through 0. Temperature distribution .data are presented in Taljle 10-22. 

10. 3. .“3. 5 Final Null 'I'cst - I'he TPS was left at the 0.133 m (G in) i>osLtion ;md- was 
cooled to liquid hydrogim temperature starting 003 liours after 0-timc on 10 .August 
1975. 

E.xcept for the 'fPS position, the test conditions were the same as those of the initial 
null test. 'I'he thermal equilibrium period began 083 hijurs .after 0-time and continued . 
for 31 hour.s until 719 hour.s after 0-iime on 11 August 1975, (Figure 10-10, Sheet 10). 

The average I oiloff rate during the equilibrium period was 0. 00:330 kg/lir (u. 00727 
Ib/hr). Boiloff rates for encli liour of testing are shown in T.able 10-23. The 
temperatures of thermocouples TC-53, 17, 33 :uid 29 and the TPS temperature ('i'C- 
183) are sliouii in Figure 10-10, Sheets 9 tind 10. Tcmper;iture distributions arc 
presented in Tabic 10-21. 

10. 3. 1 EVALUATION OF CUSTOMIZED MLl TEST HESULTS - 'I'ht; ihciTnal ) -rforni- 
ance test of the cuslomi/cd MLl had two m.ajor objectives: The first objeelivc \v;is to . 
confirm the results of the prcvicni.s null tc.-^ls described in Section 10-1 or to establish 
a new null point. Tlie .sccoiul olijeetive was to determine e.Kperimeiuall.\- the ihcrmal 
perform.ance of the customized MLl .at 0.'137 r.i (10 in), 0.303 m (12 in) ant! 0.132 m. 

((> in) distance tietween test tank ;iml ihcrmal payload simulator. .All tests were 
conducted utilizing a 0. 2 power in()ui to the test t;ink heater to promote lluid mi.sing 
witiiin the t.ank. The results of Ixdl cNperiments are discussed below. 

10.. 3. -L 1 Initial and Final Null Test - 'I'able 10-25 compares the result'' of the initial 
and fiiuil null test obfainerl during the customizeil .MLl perlonri.ancc lest with the results 
of the previous null test .No. 2 and .No. 1 olnaincd at the beginning of the lesi ;jrogr;un 
(.Section 10. 1). It was assumed that the I.II 2 boiloff rates of the previous null lesl.s 
No. 2 and 1, .ami the initial and final null tests conducted during the customized .MLl 
testing would be appro.\imatcly the same after a true themial ec|uilibrium was 
achieved. 'I'his assumption should l)c v:ilid even with the :idilitiun ol ilin o ri'.s Ml. I 
blankets ami changing the spacing lielwecn TINS ;uui lest t;ink f)\'n'. n. ‘,.37 lu (IS :n) 

0. 152 in (G lu). .A return of the thermal payload simulator from ii,e 0.132 1 :) ((> in) 
position used during the customizedMLI thermal performance test t>' the original 
0. '137 in (13 in) po.silion was n f reeommemieii because of a possible failure of the I P.S 
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Table 10-21. Customized MLI - Thermal Test No. 3, 0.1324 m (G in) TPS/Tcst Tank Spacing 'llieiTnal 
Equ 'librium Bolloff Data 


! 

I . 
i 


\ 


\ 



i 

I 

1 

I 


j 

! 



0R1GI\ai 

Rour ' 




iO-51 


Avi:rai:u liolloff tl,0():).VJ kn/lu' |(i. 01)791 Ib/hr) 




































Tab’e 10 -22. Test Data at BeRirmint' and End ot ihe Eif^rina; Equilibrium Period of Test Ko. 3 DinanR 

the Customized Ml. I Ihenivjl Periernirn'Ct? lesunR 
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Table 10-23. Final Null Test, 0,2 Watt Power Input-Boiloff Data During the 
'I'hemial Equilibrium Period 


Equil. 

hour 

Tolui 
Elapseii 
Time, hrs 

Eli, 
kg/ hr 

Boiloff 

Ib/hr 

. 

Equil. 

hours 

Total 
Elapsed 
'rime, hrs 

LH2 B 
kg/hr 

r 

Ollcff 

Ib/hr 

0 

(533 

0.00330 

0.00727 

16 

704 

0.00342 

0.00752 

1 

GS9 

0, 00330 

0.00727 

17 

705 

0.00333 

0.007.33 

2 

GOO 

0. 00330 

0.00727 

18 

706 

0. 0O333 

0.00733 

3 

G91 

0. 00329 

0. 00724 

19 

707 

0.00335 

0. 0073G 

4 

G92 

0. 00328 

0. 00721 

20 

708 

0.00332 

0. 00730 

5 

G93 

0. 00329 

0.00724 

21 

709 

0. 00332 

0.00730 

G 

G94 

0. 00330 

0. 00727 

2? 

710 

0. 00329 

0.00724 

7 

G95 

0. 00333 

0, 00733 

23 

711 

0. 00330 

0. U0727 

8 

G9G 

0. 00333 

0. 00733 

21 

712 

0.00328 

0.00721 

9 

G97 

0.00335 

0.0073G 

25 

713 

0.00326 

0. 00718 

10 

(598 

0, 00332 

0. 00730 

2G 

714 

0.00328 

0.00721 

11 

099 

0. 00332 

0,007.30 

27 

715 

0. C0326 

0.00718 

12 

700 

0. 00335 

0, 0073G 

28 

71G 

0.00325 

0,00714 

13 

701 

0.00329 

0. 00724 

29 

717 

0.00325 

.0.00714 

14 

702 

0.00336 

0. 00739 

30 

718 ■ 

0. 00332 

0.00730 

15 

703 

0,00342 

0. 00752 

■ 

31 

719 

0. 00332 

0.00730 


Average Boiloff 0. 00330 kg/hr (0.00727 Ib/hr) 
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Table 10-24. Test Data at BegiiuiinR imU End ot ;he Thermal Equilibrium Period of Final Null Test 
During the Cusionu.'.ed Thermal Perfomnuice Testing 


1 Beglnnlrj - 688 Itou^s After 0-Ttroe | 

^^nd - 719 lk.vu-5 

AfD^r O-Ttme 

j] ncKtnn 

- 639 Hours After 0-Ttroe | 

End - 719 Hours After 0-*nme | 



•H 

•c 

•K 

•F 

•H 

•c 

•K 

1! 


‘ft 

•c 

•K ' 

•F 

*R 

•c 

•K 

TC-l 

-<15.6 

44.4 

-24tf.5 

24.71 

-415.2 

4, .8 


2-:. 9 

M 

,1 TC-56 





-414.7 

45.3 

-248.0 

25.2 

TC-2 


41.6 

-230. 1 

23. 1 j 

-417.8 

42.2 

-219, S 

23.4 

ii 

-421. B 

33.2 

-252.0 

21.2 

-411.5 

48.5 

-246.3 

26.9 

rc-3 

-US.O 

41.0 

-210.9 

23.3 1 

-417.6 

47.2 


23. 1 


-423. 3 

56.7 

-252.8 

20.4 

-413.5 

46. S 

-247.4 

25. R 

TO -4 

-<18.7 

41.3 

-250.3 

22.9 j 

-413.4 

41.6 

-25U. 1 

23. 1 

TC-89 

• 




-410.3 

49.7 

-245.6 

27.6 

TC-5 

-4i«;.7 

43.3 

-249. 1 

24. 1 1 

-416.2 

4i.8 

-2la.9 

24.3 

1; :c-r.t. 

• 




-M9.3 

40.7 

-250.6 

22.6 

TC-6 

-417,6 

42.4 

-249.6 

23.6 

-417.0 

43.0 

-249.3 

23.9 

!j 

-110.9 

43. 1 

-249.3 

JJ.O 

-411.0 

49.0 

-2<6-0 

27.2 

TC-7 

-418.5 

41.5 

-150. 1 

27.1 

-418.0 

42. u 

-249.9 

23.3 

1 TC-62 

-in. J 

42.9 

-249. 3 

23.9 

-412.0 

16.0 

-246.5 

26.7 

TC-8 

-419.0 

42.0 

-249.9 

23. 3 

-1J7.5 

42.5 

-249 . 6 

23.6 

j| TC-03 

* 




-413.9 

in. 1 

-247.6 

. 25.6 

TC-9 

-4ir,.o 

41.0 

-248.8 

24.4 

-415.4 

44. 6 

-248.4 

21.8 

1| rc--'.i 

-421.9 

38. 1 

-252.0 

:i.2 

-411.8 

45.2 

-246.4 

26.8 

TC-10 

• 








j| T<:-65 

-420.3 

39.7 

-251. 1 

22. 1 

-411.8 

48.2 

'246.4 

26.8 

TC-11 

-418. 1 

41. G 

-250. 1 

2.1. 1 

-417.3 

42.7 

-249.5 

23.7 

If TC-:o 

-413. 0 

<7.0 

-247. 1 

26. 1 

-406. 6 

53.4 

-243.5 

29.7 

TC-12 

-418.5 

41.5 

-250. 1 

23. 1 

-417.9 

42.2 

■249.9 

23.4 

il 1C-t7 

-tOS.4 

•4.6 

-242.9 

30.3 

-398.5 

61.5 

-239.0 

34.2 

TC-13 

-417.3* 

42.7 

-249.5 

23.7 

-416.5 

43. 6 

-249.0 

24.2 

ij TC-f8 









TC-14 

• 419.5 

^1.5 

-250. 1 

2:1. 1 

-419.0 

4 >. 0 


23. 3 

j: to -7! 
!} TC-72 









1 TC-I5 

-419.0 

42.0 

-240.9 

23. 3 

-117.0 

43. 0 

-219.3 

21.9 

63. 0 

523.0 

17.4 

290.6 

66.6 

528.6 

20.5 

293.7 

1 TC-16 

-418.9 . 

41. 1 

-25U.3 

22.3 

-4U.4 

41.6 


23. 1 

T<:-73 

C3. 9 

523.9 

17.9 

291. 1 

09. 5 

529.5 

21.0 

294.2 

1 TC-IT 

-<19.< 

41.6 

-250. 1 

23. 1 

-417.0 

41.0 

-249.3 

23.9 

;l TC-74 

62. 7 

522. 7 

17.2 

290.4 

TO.i 

530.’4 

21.5 

294.7 

1 TC-18 

-419.7 

41.3 

-250. 3 

22.9 

-413. 1 

41.9 

-249.9 

•!3.3 

ii Tc-75 

Ol£fri5tic*n Pump 


’ 





1 rc-i9 

-4»9.7 

41.3 

-250. 3 

22. 9 

-419.4 

41.6 

* 250. t 

23. 1 

ji 

20.0 

439.6 

-1. 16 

'>72- 0 

29.6 

499.6 

-1.16 

272.0 

1 TC-20 

-418.3 

41.1 

•250.3 

22. 9 

-413.4 

41.6 

•250. 1 

21. 1 

1 T'-'” 

102.5 

562. 5 

39.3 

312.5 

105.2 

565. ’(£ 

40.8 

314.0 

' TC-21 

-417.0 

43.0 

-249.3 

23.3 

-4IG.9 

43. 1 

-240. 3 

23.9 

!' TC-7S 

r CO. 1 

525. 1 

13,7 

■-■‘8. 9 

65.7 

525. 7 

18.8 

292.0 

i TC-:3 


(1.5 

-250. 1 

23. V 

-413.0 

42.0 

-249.9 

23.3 

TC-79 

-315. r. 

III. 4 

-193.0 

SO. 2 

-315.0 

145.0 

-192.6 

60. G 

■ TC-23 

417.6 

42.4 

-219.6 

23.0 

-417.3 

4;>.7 

-219.5 

23.7 

|| TC-80 


52t.fi 

16.7 

289.9 

64.2 

524.2 

18.0 

2tl.2 

1 TC-:. 

- U9..1 

U.7 

-250, 0 

23,2 

-417.8 

42.2 

-219.8 

23.4 

ji TC-?: 









1 TC‘2j 

-417.5 

42.5 

-24.'’. 6 

23.6 

-417.3 

42.7 

-240. 5 

23.7 

*51 

• * 




• » 




I TC-l'fi 

4H. 1 

11.9 

-249.9 

23,3 

-417.8 

42. J 

-219. 8 

23.4 

ij TC-92 

-415.6 . 

41.4 

-248.5 

24.7 

-in.5 

45.5 

-247.9 

25.3 

I TC-1.*7 

• 








.1 Tt:-93 

-415.6 

14.4 

-243.5 

24.7 

-414.0 

46.0 

-247. >• 

25.6 

j TC-:a 

, 




•420.0 

40, 0 

-251. 0 

22. 2 


-415.2 

14.6 

-213.3 

24.9 

-414.2 

45.8 

-247.8 

25.4 

1 TC-:-j 

-417.3 

12,7 

-249.5 

23.7 

-417.0 

4.1.0 

-249.3 

21.9 

Tc-95 

-4 1 «». 5 

43.5 

-249.0 

24.2 

1 -415.6 

44.4 

-249.5 

24.7 

1 TC-90 

-<i;..i 

47.7 

-246.7 

Dtf. 5 

-417.3 

42. 2 

•219. 8 

23. 1 

!( re -95 

•411.2 

45.8 

-247.8 

25.4 

-414.7 

45.3 

-249,0 

25.2 

1 TC-31 

-117.5 

12.5 

-24D.G 

23.0 

-416.9 

43. 1 

-219.3 

2:1.9 

|ilC-97 

■413.2 

46.6 

-217.2 

26.0 

-411.5 

48.5 

-240.3 

26.9 

1 rt:-3:: 

-419.5 

IU.5 

-250.7 

22.5 

-413.7 

41,3 

3 

22- 9 

j: ic-9r; 

•4U. a 

46.2 

-2-5G. 4 

IB. 8 

! -411.0 

49.0 

•*24C. 0 

27.2 

1 TC-3:i 

-311.5 

31S.5 

-19>'.7 

82.5 

-313.0 

11 s . 0 

-191.0 

92.2 

[j TC-99 

•418.0 

42.0 

-219.9 

23 3 

-417. 3 

42.7 

-249. 5 

23.7 

1 TC-31 

-4 1.1.2 

Iti. 4 

-247.2 

26.0 

-4 13. 3 

46. 7 

-217.3 

25. 9 

TC-lOO 

-111. 1 

40.5 


27, 2 

-410. 5 

49.5 

-245.7 

27.5 1 

1 TC'3f. 

-:i..7 

1£.3 

-249.0 

25.2 

-411.0 

4«t. 0 

•217.6 

25.6 

1' ■(■<.■.. 10 1 

.113.7 

IB. 3 

-247.5 

25.7 

-413-0 

47.0 

-247. 1 

2B. 1 j 

1 lC-36 

.. 




• • 




ji 1C- 162 


■ 






1 

1 TC-37 

-I17.3 

12.7 

•240. 5 

23.7 

-417,0 

13.0 

*■2 1 j. :t 

73.9 

!: TC-:03 

• 




i 




1 TC-33 

-417.8 

42. 2 

-249.8 

23.4 

-U7.5 

42. 5 

-IM-J.O 

23..: 

:i Tc-101 

.419.7 

•13.3 

-243. 1 

24. 1 

1 -414.3 

45.7 

-247.3 

25.4 

I TC-J9 

-416.9 

(3. 1 

-249.3 

23.9 

-4l0.£. 

43.5 

-249.0 

24.2 

!l tC-K :. 

-417. 0 

43. 0 

-2 i9. 3 

23.9 

•416.0 

44. 0 

-248.8 

24.4 1 

! TC-10 

• 41G.5 

»3. 5 

-240. 0 

24.2 

-410.2 

4.3.8 

-24 H. 9 

24.. 1 

: TC-106 

-417.3 

t2.7 

-243.5 

23,7 

-416.3 

41.7 

-245.9 

24.3 1 

! TC-41 

1 117.0 

13.0 

-243.3 

23.9 

1 -417. U 

43. 0 

•215.3 

23.9 

:* TC-l 67 

•-4 16. 9 

13. 1 

-219. 3 

23.9 

-415.8 

44.2 

-218. C 

24.6 1 

! TC-42 

-117.0 

13. 0 

-240.3 

2.1.9 

' -il6.3 

43. 1 

-219.3 

23.9 

Il TC-104 

-4I5.r, 

44.4 

-243. 5 

24.7 

i -415. 1 

44.9 

-218.3 

24.9 • 

1 TC-13 

-t 16.(1 

41.0 

-24^.8 

24. 4 


41.4 

■2IS.5 

21.7 

;• IC-:09 

• 4 l.l. 5 

4(i. 5 

-Z17.4 

25.8 

i -412.7 

47.1 

-216.9 

26.3 

1 TC-3 1 

-417.8 

(2.2 

-249.8 

23.4 

1 -417.3 

-4i7.fl 

•12.7 

-219.5 

2:1. 7 

TC 1 ! 6 

-116.5 

43.5 

-249. 0 

24. 2 

1 -416. 2 

41. B 

-24 5.9 

‘ 21.3 

1 TC-35 

-419.0 

12.0 

-249.9 

23.3 

42. 2 

-219.8 

21.4 

:[ IV- 1:1 

-116,5 

43.7 

-21?. 9 

24.3 

j -415.4 

44.6 

-213.4 

24.8 

TC-16 

-(16.3 

43.7 

-249.9 

21.3 

-416.2 

-U. 9 

-218.9 

21.3 

1 TC-112|-415.2 

4 l.S 

-C4“. 3 

24. r 

1 -41 (. 2 

45,8 

-247.0 

2.^.4 

j TO -17 

-419.5 

41.5 

-250. 1 

23. 1 ij -413.0 

(f 

2.'>.3 .} -M7.8 

42.0 

-249.9 

23. 1 

TC-l 13 

-415.6 

-111.4 

4 1.4 

-243. 5 
-217.9 

24.7 

25.3 

j -414.7 
1 -413.3 

45.3 

40.7 

-218.0 
-247. 3 

25.2 

TC-49 

• • 









1 TC-49 

-413.0 

42.0 

-243.9 

42.2 

-219. 3 

23.4 

ic-.ir. 





1 •• 




TC-30 

-413. 1 

41.9 

-219.9 

23.3 

-417.8 

42.2 

-243.3 

23.4 

j! IT' 116 

-415.2 

41.8 

-218.3 

24.9 

1 -414. 2 • 

45.8 

-247.8 

25.4 

TC-31 

-421.9 

38. 1 

-252.0 

1 ») 

-420. 6 

-TJ. 1 

-251.3 

2 5.9 

• TC-n7 









TC-32 

-419. 9 

(0. 1 

-250.0 

O'* 1 . 

-113.7 

41.3 

-250.1 

22.9 

, -127 

'• 




1 .. 




TC-53 

- U2i 3 

17.7 

-24»i.7 

26. 5 » 

-419.9 

41. 1 

4 

22. 0 

Tt‘-»-:i 

-103. : 

51.9 

-744.1 

28.8 

1 -lUi.O 

53. 0 

-211.8 

29. 4 

1C' 54 

• 








Ij TC-H2 

- :d7. 4 

52.6 

-241.0 

.*9. 2 

; -40B.5 

53. 5 

-213.5 

29.7 

TC-55 

-417. 3 

42. 

-249.5 

23.7 11 -411.8 

44 . 7 

' 2 16. 4 

26.8 

1 TC-1^.1 

- 111.2 

46. 8 

-247.2 

26.0 

1 -413.0 

47. 0 

-217. 1 

2'-. 1 










i TC-HI 

. 112..1 

47. 7 

-246. 7 

2b. 5 

. -4U.5 

49.5 

-246.3 

20. 9 

. 









I IC' 185 

- (13. 9 

46, 1 

-2(7. 0 

25. C 

. -U2.5 

47. 5 

-21S.5 

20.4 


• Iscorrecl 
•• St o i-cciton 9. 2. 1 
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Table 10-2C-. (Dompai'isoii ol Null Test !le;iults 


Nolo: /JI data uiclude'the i:xtr;uu!Ou.s lical llov 

' into ih:j LI!.., La;il-: ;,;v! O.j; 


l’>o'TOr_mmit 

^ _ — : 




Null Tcrl 

1 No. 2 

I .‘. O. 4 

j . 

! \ irul 

1, rjitio lUilUJu 1 lu-lfe 10-10) 

1 On - rjl 

I . n9.217. 

1 0 - HI 

1 C03 ■ 715 

Thci'iiinl ):>iuilllirhun J»t:i uxl, H i s 

1 

u 

1 

■ 3 : 

.1. TI>S lilLiil.. 13 

j .Non*: 

Noo«.i 

5 

i ’ 

4. Tl’S-Toj 1 Ta«\k Dlslanco , on (in) 

1 *55.7 cm (l.S in) 

43.7 cm (1*1 M.) 

4.5.7 e.'ii (It. j:i; 

i i r,. 2 rtr. (6 U!) 

0. r.btiuialfJ JJoiloft 1.^ 

! iMMili- (n.pO'.oc) 

C.uOl FS lO.Ou J<)6) 

O.DO’.nf, :p.*) 

\ C, 00 1 65 . «;«• P* ;) 

ti. Average Mt.asuiud UoiiuII. Kiv lii iJO/hr) 

o.ooiM lO.ooaru) 

o.oOiC*; 

0.UO253 (o.orci?p 

1 9.00330 (u. <.07. 

7. I’liilKUJ lira! : (I!I IJ/l,r) 

U.2JU3 (0.782fi> 

C.2232 (0. 781'(T) 

0.2293 (y:7626) 

i 0.2533 ;t..7-2G) 

8, Mcasuri'*! Meal Ia*ul.a|'.c, ‘.'aUs IMTI.'/lw) 

0.1.«7 (0.6387) 

0.100 (0,6170) 

C.350 (l.;5501 

: 0.4CM* 

0, % WfVijli»'n belwvM) prcMiciutl and :ueusurvU 

-K.3 

^ 4.4 

♦ 52. C • 

! • 7o.O * 

bbllofl lates 




1 

10. Avciai;e Chruiiber I‘rcssur®, N/m** iTorr) 

9.8S'.’0‘® (5. 0*10'^ 

10 . 8 '.- 10-5 ,5 ox 10"’; 

10. *8. 0" 10' ' 

'■ 5..3x 10'5!4.-! •'lO-'O 

n. Average SljjoufM'rcsburo, N/m (TorrJ 

2.0«;0‘® (I.S-IO"’) 

2.;3xlC-5(i.9x;o''f) 

5.3«iO-5(4,OXiO-5 

•| 3. 32« :0-5.:. 9,'l0'"i 

12. Avoragp Ainldcnl Temp, during EquU. 




1 

l■crio^l. K (°It) 

267.0 (5i6.7) 

295.0 (513;0)‘ 

293. 1 ; (526. D) 

[ 290.6(522:0; 

O ft 

13. Avrrage Tl*S-Sur(ace Itirni*. Ki M) 

20.0 ( 37. 1) 

20 .S t .17.0)* 

21.7 1 44.4) 

j 25.3 1 W.2) ; 

14. Avoi'igc 1'PS-MI.I Top I'ace SSivl’. 1'cjnp. 

■ 



1 ; 

“K (°K) 

No MM lUaiiivCls 

No Mi.l Inar.lit ls 

?0. 9 ( 55 , K-f 

: 24, y ( 43 . 2 ^ I 

1&. MlJ-OuU*r Fare Sheut-Ootcr li!a:<l:cl Ave. 




i i 

IV'rap, sec figure 

, 

. 


> I 

IC-l 

23. ! ( 42. 1) 

23.1 ( 41. •)) 

23. C 1 42. 4( 

21.6 ( 44.61 : 

TC-S 

22.1 ( 29.7) 

22.9 (4i. 31 

23.1 ( W 

; 24.2 ( .l.-l.C) ' 

TC-0 

22.4 ( 10. 4) 

23.3 ( 4J.fo 

23.4 i 42.1) 

24. f. ( 4 4 3» ! 

TC-13 

22. ■! ( !0.3) 

22,6 ( 40.O) 


! 23,9 f *.' 5 . ) 

TC-17 

.^2.;! ( 11.3) 

22.2 1 35. t) 

22.4 ( 

; 2 : 1 . 8 , J... 1 

TC-21 

23.2 ( 42.»'i 

22.9 ( 41.3, 

23.3 (.41.9) 

i 2.3.1) 1. . i 

TC-25 

£3... ( 

23.5 ( 41.4) 

23.: ( 4J.5) 

■ 23. 7 ! .J2. 5) 

TC-29 

22.0 1 4 ;. l) 

>2.6 ( 4n.C) , 

22. n ( 41.:) 

i 2 :.. 9 (■ 42.9) 1 

Average 

22 . •• V -.i.i) 

22.5 ( ii.a 

23.1 ( 4 1 . C, 

'24,1 ( 43.3* , 

15. Ml.I-Inncr Face Shcci-i-Vari' Hlanl;ci Avu. 





Temp. (°U), five figure 0-2 


■ 


i 

TC-1 

21. -M 3S.y> 

21.3 ( :>S.4) 

21 2 ( 35. i) 

22.1 i 41 

TC-8 

*n.3 •. 3S, 1) 

21.3 ( 33.3) 

21.2 ( 36.:’}. 

2.1.5 1 42.. 1) 

TC-12 

2 !. 5 ( 3S.7) 

2j .4 ( ;it. 

21.3 i 35. 3i 

• 3 ( • S 

TC-lf. 

21.3 ( 3s. 3) 

2i.3 ( ’ll 

21.0 C .37.--) 

23.1M .;...;) 

TC-20 

2I.4( 3-:.C) 

21.4 ( 33. G) 

20 . 5 ( 37.51 

2.'..C ( 4i,4) • 

TC-24 

21. 'J ( 39.4) 

21. & ( 39.3) 

21.6 ( 3S.9) 

2.J. 3 ( l.'.Oj ! 

TC-2JI 

- 

~ • 

- 

! 

'.■C-32 

21.1 ( 3S.C) 

2!.l ( 55.0) 

20.5 { 37 . 1) 

22.7 I .111. 9) i 

Avemge 

21 . 1 1 .14. C) 

21.4 ( 35.5) 

21.2 ( 38. n 

2.’..1 ( 4;.Cj - 1 

16, Matil'- Top Average Temp. (^i<) 

•• 

•• 

22.7 ( -lO.S) 

24. 3 (.15. 7) : 

17, IJafile-Cenlor A\cr.igv: Tciiij*. (^F.) 

•• 


23.2 ( 41. S) 

24.9 1 11. i ) j 

IS, llaille -P»o?u;m Av«.Tape Tcn;p, ^ F. (^M) 

•• 

«• 

2 : 1.6 ( •12.5) 

25.3 1 :■,.■■,) 1 

r> «> 1 

19. tiliiou'l - I-ul Avi'i*age Temp, F ( K) 

•• 

*• 

25.4 ( 51. ;> 

79.3 ( 

20, Slirtiud-Si(U; A'.i*j'ap,c Tei.^p. 


-• 

23.7 ( 42.7) 

i 

21, Sfirvud Ik>.»nni /3\i‘fagc Tt-mp, i 

”■ 1 

• « 

24.7 ( 41.-I) 

:::..9( i-i. ;) 

o c ^ 

2'A, Shrt‘u-i-Top-V<'i;i Average Temp. K { Uj f 

22.7(40.E) j 

22. S ( 41.0} 

21.5 ( 44.9) 

Ju. U ' ••8. S; 

?-3, Ave:'i^;e ! 

2-;.l(I7.P) i 

20. 3 (-17.3) j 

23.5 ( 42.6) 

1' j. 4 * 45 . T) 

2-1. TI'S - \‘* nt Avci'agc Temp. M) j 

27.5 ( 49.5) j 

24. G ( 4 1.2) i 

29.4 ( :.2.m, 

J 

3.*. 3 t 

1 


• So thc-iTTiaf iXiuiliOri'.uu vvua s,oc 5ccUui» i0,3.3 

•• Scr ScL’llun 0,2. 1 


/ ■' >/";d 
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piisiii(.«!iin '4 Tlu* ilfviatlun fr«im the previously estimated Ixdloff rate of 

<1. (Hiiy.'i k;< hr f<>. oiHdS lit hr| (Se<-il<>n 1<>. 11 was - IS..')', and • I. I'T for the (irt-viotis 
null li'sis No. 2 and 1. "I'he deviation of the initial ;uid final null lest ^lu|•in^r the 
lu.siond/eil .Ml. I iestln;j was aj.ti :uitl •7S.0’. . In onier to cxitlaiii the larj^e deviation 
(.•f the last two null tests the !em|»erature variation of the eomitonenls surroandin)! the 
l.llj test tank were studied. 'I'he letnperalures are shown in Taltle li>-2ri. There are 
several reasons whv the iK.lloff rates of the initial ;md fin.al null lest were higher th:ui 
the previous null points. 

1. The amhient temperatures were ld^;he^ e::usinn a hinher lieal teakape into 
the lest tatik from the <»u(.s|de plunihlnp such as the leakape evacuation line. 

2. Ilipher amhii’iU teni|>eratiires eituld increase the thermal acoustic osclUaiions 
ri'Stilttnp in increased heal ir.'uisfer inti> rite lank. 

Iteduefion <if Ti*S .'Test Tank «Ustanee resuliinp frotiv the addition of three 
Ml. I l)l;uikel.' .(lid the adjusiinent fn'in O.'l.aT m(l!’i in) to 0.lG2m(C Ln) 
caused the radiation view l.actar to inerease. The l.ll^ lank vioweil a larpcr 
surfae;* ari-a of liipher t»*ioper.iteres (Tl’St tl'.an in the iirevious null lest No. 

2 and I isee ‘I'aiile I'i-2-a. Step |(i). liipher lemiieratures of the 'I’l'S ciurinp 
the initi.il and final null tests are verified hv the hipher l l'.S vent pas 
li'iiiper.aiu res, .Step2i. 

I. .Sliphtlv hiplter radiation .-diield temperature. 

It is iin-ortunate that it is impossible to compare temperatures of the b.affles and shroud 
bccausi,- of the f.aihires of thermocouples 'i’C 31 ilirouph 127 fSeciioii D.2. 1) durinp null 
lest No. 2 ;unl I at Hr- iK.-piuninp (>f the test operation. Comparlnp eoniponeiu tempera- 
tures of ilie initial null ti-st with tiuisi- ol the final null test durinp the cu.sioinized thermal 
peiTorm.ance lest it is shown in Table 10-2."> tlut the tinnperatures of tlie final null lest 
.are hipher therefore eausinp hipher l.ll-j boiloff r.ales. 

lirvii'winp the \ arious retisens for hipher heal trtuisfer into the ciW'jpenie Itutk rcsuliinp 
in hiplier boiloff nues tlian estimated it c;m be enneiuded that only the occurrence of 
iherm.al actiusiie oseillal ions could have c.auseil tlie e.veess hr.at flow. Since pressure 
oseill.itions wiM'i; obse nad durinp all tesilnp an addiiion.il unknown amount of heat has 
been i rr.nsferreil tliroiipli the fill ;un! vent lines from i!h‘ warm i;ml oiilside of the 
elianilR-r to the cold end i/f the lines into the eryopenic lii|uid. Investipations (Hef. 
l'i-2i have deii'i'mined iliat additiun.il heal leaks due to oseillulions c:ui be several 
oi'ders of niaivniiude larper than the normal penetration lu-ai leaks. 'I'he effect m:iy i)c 
even nn.ie sipnifie.ini for ;i ervopenic te.st tanl: operatinp in tin e.xtrcme low temperature 
ei!\ iri>niiu'nl willi vt-i-y sni.all boiloff ralo.s. 

li.'..'!. 1.2 t'lmsomixed Ml. I Thermal I’crfornnince Test - .\ comparison of the results of 
liie lank installed .Ml.l test (Section Id. 2) and the three eustomi/iai .Ml. I thermal 





liolornKuifu- tests is shouij in 'J'.iJjle 10-20. 'llio e.\i)erinienl;J i)OiJolT ;uul Jie.il Ie;<k;i^e 
il;it;i sho\n< in tiie t;iijle inclmle the extr.'mL-ou.s lieat flow Into tlie fiiU tank ;uui a jiower 
IniKit ot 0.2 watts (0.G3.‘! UTU/l>r) litto the t:u\k heater. .Snljtr:u.tin^ llie avei.ige heat 
now v:i]ue of the inithil anri fiiuil mill tests (tal>!e from llie total mcasurei! lieal 

Je;ik;iee.s obtaitiei! <lnri/j^t ew.stoniu'eil Mhl test So. 1,2 ami .'1, Uie re.'-iiltin^^ heat 
How thronj;h the ^^.I is 0.059 w;dts (0.2013 IJTU/hr), 0.0G3 watts (0. 21G7 llTUAir) 

;mcl 0.0G5 watt.s (0.2224 I3TU/lu), re.spectively. 'ITie thermal peiformiUKe of the 
eustomizeil MLI is plolteO In Fixture 10-11 ver.su.s the siviein^j ili.stanee lietween the 
thermal [i.ayloiul simulator and lest t.ink. The Increase in heal t:“ui.sfer thixnipli the 
MLI, : esulUnfi from the T1’.S (xisition change fiom the 0.457 m (18 i.t) position to tlie 
0. 152 i:» (G in) iMSition was aj)pi-o.\:imately 10'- . 

'J'he e;.;'eiimcnt.al heat tr.uisfer Lliroufth the tank insUJled .MLI was 1.204 usitts (4. 11 
llTU/hr). Tins value was obtaine<l Ijy .suhstractin;: the averrme mill test heat (low value 
of mill lest No. 2 and >io.4 fiom the total heat flow into the Lll^ tiuik olnained durin;j 
llie lank urstalled MLI lest, llie eX)K-rlment;il heat flow tln-outjh the tiuik in.st:ille<l 
.MLI at the 0.457 m (18 u\) TPS-lcst t:utk siKiciiia :mtl wiUi no .M3..I hhinkals on the 
thermal payloml simulator w:u3 app»x)xini:itely 20 times higher th:m tlie heat flow value 
oljtained for tlie customiy.ed MLI during test No. 1. llie TI’S was coverxal wiUi tliree 
.MLI hlaiilvets during llie customized MLI lest No. 1. It should lie realized liowever, Uiat 
tile hoiJoff rates were .still dropping at a rate of 0.15'.’i (ler liour thiring the final 2S 
hour.s of the tank mstalleil MLI te.st. 'Hie aJj.senre of the Tl’.S uvsulation blankets 
catiseil the average temiienaure of tlie out.sule face sheet of the outer bl.uiket to ri.se 
f’Xim 27. 2K (4'’.9H)to IL'j. lK (207.711). The tiverage '.ciriiK-raUi re of the iiu'.er face 
,'<heet of Uie iiuier bhuiket lose only 7. OK (I2.GI1). 

.'vii attempt was made to estimate the heal transfer thiough the customized MLI lest 
No. 1. No coiLsideralioii was given to heat leaks through Ml, I attachments or heal 
li idis cau.sed Ijy thermal acou.stic o.scillations of the hydixigen ga.s within the fill and 
vent tine, ilie estimate was basetl on utilization of tlie Ml, I heal inmsfer Kfiuation 
10-1 (.Section 10.1. 1). l iie average temixiratui'e of 27. 2K (1S.9U) (t:Jjlc 10-2G) at 
the outer blmikel, outer face sheet of the test t:mk MLI was used to calculate tlie 
insulation peil'ormance. Tlie estimate rc.sulled in a heat ti-.insfer rate of 0. 0114 
watt.s (0.0300 13 l'l./hr). 

No attem)it was made to calculate the heat transfer rales of customized te.sts No. 2 
and 2 due to tlic similarity of the avenige outer face tem]x.‘raUires irzlicaiixi in l;i)jle 
10-2G. 

Talile 10-27 summarizes :dl test re.sulls :md the prediction of the results. Ui.se repaneies 
between preiliet ioas :u;d e.\ix.-ri mental re.snlts were thoroughly di.scussed in tlie 
aj)])roi)ria'.e iirevious sections. 
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ly Talilt! Ili-Jli. CoiniKu ison I5etwec*n Ihu Tank InsialJed M 1.1 aii<) 

Custom i/ed M 1-1 Test Kcsults 

NotiT -\n Data Licludc llu.' t-.\trancoii.s lleaUlow Into the IiM„ Tank aiul 0.2 Watt Power Injnit 


Ti-M 

tui.L t«. tUli-J .Ml.l 

Cu&Wrtiitxct’ Ml -1 li»i 

No 1 

' i.‘ *1*1*4(111/4 1 ] .*1 1 1 1C*4 

.Nu / 

('uaI*’ 1 '>«/< •! .‘-il-i .1 4 f.t 

So .1 

1 f 1 ijit « J. t iMi** U ^ • |ti«(* ^ifl l<t> to 

jji* - .IT.; 

93 - 311 

3 15 - 4«0 

4^0 - »iO.* 

lltt'Mx.*! I'itu I'i'IKmI Mi.-* 


73 

51 

mi { 

J 3 , t U’.S 

Nuno 

3 

3 

3 ! 

1 4 ^ T»*>* r.otl- Ihsiaiu-K' cm tut) 

43. T 06 to) 

4>. 7 iTD (16 in) 

30. i (til (12 In) 

15.2 ni4 (1. m) | 

j I.R/I.r 

0.01 Mtl (O.Oi32l) 

0.00353 (0.007-0) 

0.OO37H (0.0O7S*) 

0.0«'3'»9 (‘I.IIU791) : 

i k. Ml « *ul. till! WMitb (111 L* n.ll 

1, *T . (4.fti33) 

0,4343 (I. 4911 OI 

0,4428 (1.5114) 

0.4 145 (I.M7I) I 

' r I'iCMBUii', N/^^(Toril 

e.« io-» is «io'*i 

)J.0<> KT* |9 « )0*''i 

9 . 6 S X10'*(5 < 10“^) 

5.3 « 10'^(4 X 10''*J 

1 1^, ^*'*'*‘*‘' ^ .«.**uri>, T«tr 

l.M « 10'.^ (1 *10'''' 

6.65 *< i0"®l5< 10*^) 

9.3 *30'*(4xl(r'') 

2.6«*10'*i2x iO'’; 

9. A:. DU til iluruti: K^juil. 

. 1 *0 

294.3 OZ*J,t} 

J93.C (528. St 

293,1 (027.5) 

292.G (S20.6) 

o o 

l<*. M'.S'Syj icinji. K< il» 

JIS.T (Ml.l) 

249.2 (520. C) 

289. 1 (520.3) 

269. ! (.'i2ii. ;i| 

)| AVi iMilv 11 T-*.* Facc Shill Timi*. 

No Tl-S MI.I 

SO.c 1 91. f.) 

30. 1 ( 90.1) 

49. C,( by..') 

“K t:i 



■ 

■ J 

IJ. NH-* I'.iiu- '^1;.^ i - Ciuti-r l^Unkct Av»*. 

' 

. 

64.0 1113.2) 

• 

27.3 ( 49. U 

■ 

27.3 ( 49. 1) 

i 

27.1 ( 4v; U 1 

1 TC--. 

69.!MU'3.bl 

27.1 t I'.S 

27. 1> ( 49.6) 

27.2 ( 4-.l^ 

! TC-:* 

76.9 (1X‘'.4) 

27.6 ( ■>'.>.€) 

27. S( 49.6) 

27.8 ( 30. 1) 

! TC-i:i 

101.2 iH.'.l) 


’ 

. 

1 rc.17 

133. 1 1239.6) 

27.0 1 4fi.q 

2C.7 ( 4S.0) 

20,6 ( l-.U) 

‘ ic-;;i 

133. 2 1273,71 

27. J ( 1) 

26.fi ( 48.3). 

27.1 ( 4-,’‘ 

j 1C* 1:3 

IC3. 1 

27. 1 t 16. •) 

■2i;.7 ( 48. 1) 

* 26.'. f J< •) 

1 rr-vs 

IW. 1 ,3i>l.7) 

27.1 ( 49.7) 

20.7 ( 4-.1) 

20.8(4'..') 

Avi'.iiiic 

113.4 i2o:.7> 

27. ; t 19.:', 

27.0 ( 43.5) 

27.1 ( 48 . i) . , 

! 1 .1. M 1 1 f 1 •' ^ '.ft 1 * It.ftof iMjiu.i t Avi*. 

*ji * K i* Jiyi;*'.' :«-J 




' i 

I 

24.4 1 43.9) 

23. S t 42. 3> 

23.2 ( 41,6) 

1 22.9 ( 41.1) 

1 TC-s 

?4.i ( 43.3) 

23.9 ( 4.1. 1) 


i 21. :i ( 4j.") ; 

1 -re-i.! 

24.4 ( 4.i.W 

23.9 ( 42. t^) 

23.4 ( 42.1) 

j 2 : 1 . *> ( 41 . t) • 

• TC-Ki 

2 1.6 < 44. C) 

23.7 ( 42.T) 

2 : 1.3 ( 12.0) 

i 22.9( 41.0) ■ ) 

i Tc-;.j 

24. S 1 14.71 

23.5 ( 42, 3) 

31.2 ( 41.S) 

j 22.»(4l.J) 

i Tc-.’-i 
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Figure 10-11. Expcrlmciial Thcnnal Perfomuuice of Customized MU Vci’sus Thermal Payload 
Simulator and Test Tank Spacing 



'ruble 10-27. Sumiiunv of Test Ue.siiU; 



Heat 1 

Mow 


Te.st No. 

Exifcri.’nental 

Prediciixl 


\VaUs(Btu/lir) 

•Wall.s (BUi/hr) 

Null Test No l 

0.063 (0. 2:121) 


0.029:5 (0. lono) 

Null Test' No 2 

0.137 (0.g;;k7) 


0.229.') (0.7.=i26i 

Null Test .No V, 

0..'!67 (1.262-1) 


0.-129;: (1.4662) 

.Null Test No -1 

0.239 (0.-S170) 


0. 229;: (0. 7^26) 

T.anlx b\st;dlc(i 

1.204 (-LllOO)' 

0.;).5i0 ( 1.201) 

Cu.stomlzed MLI 



’ % 

InitLal Null 'lest 

0.350 (1.1950) 


0.229;; (0.7326) 

The'rmtil Te.st ^^o 1 

0.059 (0.201;:)'' 


o.oiM (0.o;;90) 

Tltermal Te.st .No 2 

0.063 (0.2167)" 


- 

Thermal Tost No 2 

0.065 (0. 222-1) ' • 


- 

Fin;U Null Te.st 

0.40D (1.39-M) 


0. 229;; (0. 7326) 


\';i!uo was dctermiiK'd i\v .sitbiracnnsi' ihe avcrai^c' heat How 
of Null Test N’o. 2 ami No. 1 (Table Ut-2;'') Irotii t!u‘ lol.il 
measured heat flow (Table Tank InstalleilMl.I). 


\ aluc wa.s determined b> .subtracting the avcrtitce heal flow 
of the initial anti fin;il null le.st (T.able in-2,*) from the total 
measured heal leaka; 4 e ( Table 10-2‘!, Cuslomi/ed .MLI). 
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CONCLUSI(>NS AND Ri:COMMKN0.VT10NS 
11.1 CONCLUSIONS 

The successful compleUon of the prcftriuii entitled "Thenii:il Performance of a Custom- 
ized Multilayer Insulation (MLI)," has provided a sitoufieant adv;mcenient <>f tlie state 
of the art in ciyoj;cnic stoi-ajje systems which are desipied to exchange heat iliri eil\’ 
with outer space. All of the eompunenls of the system were dcsijjned :md sueccssfuUy 
built (o meet the oi)jectives of the proijram re(|uirint^ the demonstration teslinff of tla- 
hi^h performance customizedMl. I system. 

The conclusions readied from this study are sumina. izcd in five cate^pi ies: (1) tii.-siun 
juid falirication of test tank nuxiific.ation :md tank support system, (2) crx'osl.r- ml 
modification ;ind thermal payload simulator, (2) tost t;uik ami iliennal payload simulator 
MI. I, (1) lest facility, ;md (5) testing. 

(I) Desit^i and Fabrictilioi'i of Test Tank Modificalioii :uul Tank .Support System . 

• A test article was desij^ned and faliricated by modifying a 1,52 m in) 

N.\S \-funiishetl t;mk. The modiflctiliuns established the required smooth 
contour over most of the ttmk surface for etise of fabrication ;mfl installation, 
of a multilayer insultiUon system. 

« The structural ctipabilUy of the modified test tank was verified by analvsis. 

• Mamtfacluriitji problems were encountered duvini: ilie preparation of the itutk 
welilin^f. These problems, including aii e.xeessive lunoiuit of trapped welding 
stresses, a variation in parent metal tliickness, tlie presence of jiorosiii-, 
weld folds, inclusions and cracks, were directly atlriliuted to tlie initial 
falirication of the 1.52 m (GO in) tank. 

• U was decided to change the proof pressure level from dCd.G kN/m“ ^52.5 
psig) to 27G.0 kN/ni“ (40 psLg), because of the defecls revo.iled by x-rai s 
in areas untouched In the modification operation. 

» Double conoscals were successfully used to reilucc t;uik tbor Iciikage. 

. • The t;ink leakage measured at a pressure differential ol IdS kN/in“ (20 psig) 
was 2.S 10"^ SCC/sec. This antoiuit of gas leakage was les^i llian the 

allowable leakage rate of 1 s 10-'> 
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• The test tank support system ilcsijpi, consisting of three :nljuslal)lc tuni- 
buckle struts had a minimum effect on the MLl bhmket desijpi ;uid offcied 
practically no interference during ML.l installation, 'i'he attaclinient of tiie 
struts to thi I.llo WJard tank rcsultetl in a minimum heat leakaf^c to the lest 
tank. 


(2) Cn'oshroud Modification :md fhormal Payload .Simulator 

• The modified cryoshnmd dcsiRn provided a near LH 2 hytirogen temperature 
to simulate the environment of deep space and minimized cryoshroud 
hydrogen usage. 

e The cryoshroud lj;iffle tliermal analysis was correct in determining that three 
liquid hydrogen-cooled baffles are' a<!equatc to intercept and absorb lx)th 
direct and reflected thennal radiation within the cryoshroud. 

• An aluminum honeycomb baffle configuration bonded with APCO 1252 urcthiuie 
adhesive :uid additionally bolted to tlie baffle basejjlale producetl good thermal 
contacts, allowing all baflle surfaces to attain almost the satne temperature 
as the crjoshroud walls. 

• The thermal payload simulator design provided a const.ant temperature 
surface for the insulated test lank to view during the lest operation. 

(.T) Test Tank anci Thennal P.ayload Simulator ML! 

• The iilLI design and faiirication effort resulted in :ui insulation system of high 
structural strength ;uul constant layer density. 

• The system was rapidly installed and removed. Handling of individual blankets 
was easily accomplished due to the load carrying, protective, aluminum/.Mylar 
laminated cover shields which also acted as radiation shieUIs. 

• Sheldahl GT-755 material was used to fabricate the cover shields. The 
material was shaped l>y utilizing a vacuum forming aid. X’acuum forming this 
m:itori;U at room temperature prior to c.\qx)sLng it to dfllK (710R) temperature 
.allosvs the part to be formotl a.s a lamiruitc, whcrc:i.s heating it first would 
soft at the adltcsLve ;uul allows slippage to t:ikc i)l;icc between the Mylar ;uvl 
the tiluinuuini. 

• Silk not material was easily stretch-formed by moistening it first with water 
to provide the necessary drape characteristics. 

• Forming of the aluminized Mylar radiation shield material was readily 
aceomplishi-fl by pleating it to shape on the bhmkei m.'unifacturing lay-up aiti. 
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riie pleats were held in place with a1aii'.i!)i/.ed Mj'lnr tape. Tlie pleati’ii; 
nietluid ro.suheil in exci.-lleii! eoii’iour ai-d dciisiiy eimircjl. 

• 'I’lie iiKUuifaetiiritij; aids najuin-d to fat>ricale llieMl.l were fabricated b'.' 
utilizing the test ttuik .surface ;md filierj>l.'i.ss/epuxy inateiial, thereliy 
avoiding the hi^h oust of plaster molds. 

(I ) Test I'acilitv 

^ ' .A 

• During the total test operation of IdO ] iioiirs, tlie facdlity pei'formctl exeepi- 
ionally well. No leakage was experit-iiced v/itldn the vaciiuni chamber. 

• The MKS Itaratrun differential capai-itancc manometer mainttiined the lest 
t.'uik pressure within the t\-quired ; l. ;tS N'/ni- (0.0002 psi) of the .set point 

' durim^ the entire test operation. 

• Tlie ;;uarii ituik pressure was controlled at ihtt be^inninii’ of the test operation 
by tlie NBS developed Itarosttii. Device to maintain a eonslanl Irutk pre.ssuro 
with small variatit>n.s in vent s>as How rates, liurinjt the null U sl, it wti.-; 
fuiuid tiiai the trua:<i t;uik boiloff varied from a hiah of aretiter tlnui 0. OolT 

m ' 'sec (10 scfnti immediately after fillintj to a low c.d le.ss th.'ui o. 0002 t 
ni'*/see (0.5 sefm) after the temperature htid sbibili/ed. I'his i-csuked in 
the need for a eonsttuil atljustment to inainttiin a narrow presstire band, i'i.e 
Htirosttit was therefore replaced with ;i pressure trtui.sduce r/closed loop 
eont roller/ How control valve. 

• .\ wafer displacement flow tlevice wa.s successfully used to metisure l.ilj 
boiloff rates. 

(■p 'I’ estina; 

• I’reeoiuiitionini;' of composite MLl systems while exposed to ;t hieh \acuum 
environment prior to loadinft the tank with a cryogenic fluid is of utmost 
imporltuiee to inininuz.e outgaasing duruig lesUitg. 

• Out'^assing can i>e aceelevaled by repealed (several days) flushing of the 
vacuum .system with g.a.seous helium and by healing of the .MLI. 

o The tipproaeh to thermal ei|uilibriiun during testing was a long-time process 
due to the I. ID lemiteralure environment in which the .MI.I was tested. 

o Major r-'asons lor the discrepancy between iiretlieieci and nieasured b'oiloff 
r.atcs we.re (1) the extended oulgassing process, (2) thermal equiliiirium was 
not eomplelcfi, (.’ij additional luiconlrollable heal transfer lluougli the fill and 
vent line existed. I'his he.-il liamsfer was causer! by thermal acoustic 
osciliations. (Hof. 10-2). 
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• It uas found that the LII^ •‘-•.st fluid was capable of storing; incoming ( nerg> 
from.extranei>iis heat leaks and the test lank heater for a period of eight 
hours. This j)criod was followed by a shaip Increase in Iwiloff rales 
caused by a sudden onset of convective currents. 

♦ 

• Mealing of (he uninsulated thermal payload simulator caused aa Increase in 
temperature tuid pressure of the trapped gases within the lest tank Ml.I, 
resulting in higher heat conduction and LMo boiloff. ,\ combination of higher 
conduction and lateral heat tnutsfer through the Ml.I layers forced the 
insulation temperature to <irop ag:dn. 

• After 372 hours of null and thermal performance testing, boiloff rates were' 
dropping at a rate of 0. I5'i per hour indicating that the Insulation was still 
outgassing. 

• Tho cluinge in disUmee ix-dwocn the TPS tual test tank from 0.457 m (18 in.) 
to 0. 152 in (G ui. ) increased the lieat Irtuisfcr tlirough the MTI by 10%. 

« The e\pcrinient;il lieat flow through the tank in.stallecl MLI at the 0.457 m 

(18 in.) TPS-tesl tank spacing :uid with no MLI bhuikets on the thermal payload 
simukitor was approxiiiKilcly 20 times higher tlgin the heat flow value obtained 
for the eustonuzocl MLI during tc.st No. 1 utilizing ;> .MLI blankets on the TPS. 

11.2 lU: COMMENDATIONS 

(1) MLI 

• It is recomnieiuled Unit the final klljl gore section of ctich blanket layer be 
I rimmed at assembly. At tliis time, (he finaJ gore blanket can be altcx'cd to 
c-nsure that there .are no gaps or overlaps at the setinis. Out-gassing of till the 
blankets in :i vtieuuni chamber at a temiieroture of 339K (GlOR) is recoinmondc ' 
iirior to trimming of the fintd inner and outer gore sections. 

(2) Test I’aeility 

e Tlie use of double Conoseals is reconimoiKled at locutions uliero dissimilar 
metal fltuigeS are connecteti to reduce jiipu letikagc. 

.2 

• A tank lu'essure control of 1.38 N/.n (0.0002 psi) can be aceoniplishcKl liy 
tisuig the MKS llaralron diffcrcnlitd caiiacitancc manometer. 

• Keference junction of thermocouples sliould be outside of the vacuum chamber 
in a liciuid nitrogen oalh to avoid operating faLlures. 
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(::) 'iv-stLiig 

• It is recoin rueniled to ouI}X;ls the MI..I for ;i miiiinunn of one Wi'ek by herding 
and flushing the with gaseous hetiurn. 


• Steady Lll.i IkiUoIT e;ui he promoted l)v fluid mixing- wliieh can be necomp’i ishw! 
by nu^luuiical nieaius or by a constant :ipj)licatioii of a niiniiiunn jxiv.'er level 
of 0.2 watt (o ;ui inteiTi;il healer. 
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